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Dedication

This volume is dedicated to the memory of
Vernon Cheldelin under whose guidance and
leadership integration of the sciences forné
Oregon secondary school youth was begun in

1963.



Introduction

The Portland Project was initiated in the fall of 1962 when t&o secondary
school teachers, one with background in C§A chemistry, the other having responsi-
bility'for PSSC physics, began to note and discuss the redundancy in their respective
courses. Why should students be subjected to this repetitious and fragmented repre--
sentation of the physical sciences? they asked. A Steering Committee met to pursue
the problem further and perhaps enlist the support of a funding organization to
_ permit its exploratiop in depth. Under the able and devoted leadership of Vernon
Che ldelin, Dean of the School of Science at Oregon State University (deceased), two
proposals prepared for support by the National Science Foundation were funded in the
sunmcrs of 1963 and 1964.

Thifty—five scientists and teachers devoted various quantities of time as
writers, consultants, pilot teachers, and eva]uaiors, with the aim of ascertaining
the feasibility and efficiency of the integration of chemistry and physics. Con-
currehtly and subsequently, other groups in other parts of the country have carried
on studies that are approximately parallel to this one. ! Though the conceptual
devclopment and points of emphasis differ, the various groups are satisfied that
intcqration of science courses is not only feasible but highly desirable.

Or. Michael Fiasca of the Education and Science Staffs of Portland State
University conducted an evaluation which revealed that subject matter achievement in
chemistry and physiﬁs and critical thinking abilities are enhanced among students
who studied the integrated courses over those who study the separate disciplines of
D e

Federation for Unified Science (FUSE) was rccently organized to act as a

clearinghouse of information on integrated science courses. Victor Showalter at
Ohin University is the chairman of this committee.
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chemistry and physics. It should be emphasized that though these differences were
apparent, it could not be demonstrated that they were statistically significant.2

A concomitant result showed that enrolilments in the two-year integrated courses were

_ dramatically greater than in the separate courses.

A survey completed April 16, 1967 showed that there were forty-four schools

in twenty states using the Portland Project integrated chemistry-physics course.3

Mounting evidence in the literature from prominent persons working in sciencé
education strongly supported this mode of organization. Dr. Jerrold R. Zacharias,
the prime instigator of the PSSC physics program, exemplified the changing attitude
of scientists and educators:

The division of science at the secondary school level, into biology,
chemistry and physics is both unreasonable and uneconomical.

Ideally, a three-year course that covered all three disciplines
would be far more suitable than a sequence of courses which pretends
to treat them as distinct. Today such a three-year course would be
difficult to fit into the educational system, but much of this diffi-
culty might be overcome at once if such a course existed, and it might
well be that present tendencies in education would soon overcome the
rest.

In any case, a greater coordination of the three subjects is
possible even within the existing framework. It is understandable that
the groups which developed the existing programs, each of which faced
great problems of its own as it worked toward its goals, were reluctant
to embark on the larger task of giving coherence to the sum of their
efforts. With the programs now complete or approaching completion,
it may be that the time has arrived for this necessary step.

2
Detailed results of this study may be obtained by writing to Dr. Fiasca
at Portland State University.

3petailed enroliment figures and addresses of people who are using the
Portland Project courses may also be obtained from Dr. Fiasca.

&

4From page 52 of Innovation and Experiment in Education, a Progress Report
of the panel on Educational Research and Development.to the U.S. Commissioner of
Education, the Director of the National Science Foundation, and the Special
Assistant to the President for Science and Technology, March, 1964.



Stimulated by the apparent success of their original work towards this kind of vii
integrated course, persons close to the Portland Project began to discuss extension
of their work to include biology with chemistry and physics in a three-year sequence.
A third proposal was prepared in 1966 and granted support by the National Science
Foundation; Dr. Arthur Scott, member of the Chemistry Department at Reed College who
has had deep interest in the Portland Project since its inception, graciously offered
his talents, energy and time to carry on the project after Dean Cheldelin's death.

A writing conference was conducted on the Portland State University campus
during the summer of 1967 to develop materials such as teacher and student guides.

" Eight local pilot schools committed approximately five hundred students and twelve
pilot teachers for testing and evaluation. Dr. Donald Stotler, Supervisor of
Science for the Portland School District, has had an active part in this and other
phases of this project.

Twenty-six persons whose functions were writing, consulting, analysis, and
editing met on the Portland State campus beginning June 14, 1967 to begin preliminary
work on the integrated course. Their first task was to formulate an outline that
displayed logical content development utilizing éoncepts out of biology, chemistry
and physics. Particular attention was paid to matching students' abilities, interest
and maturity level with the sophistication of concepts as nearly as this was possi-
ble to do. Then the committee perused material developed by the national curriculum
groups --PSSC, Project Physics, CBA, CHEMS, BSCS and IPS -- in searcﬁ of material
to implement the outline they constructed previously. In the absence of appropriate
materials, major and minor writing projects were initiated.

The writing committee continued its work in the summers of 1968 and 1969
with Dr. Karl Dittmer, Dean of the Division of Science, as director. Four major
projects were tackled and completed: (1) extensive revisions were effected in the

three-year outline, (2) the first- and second-year courses were revised based upon

9




viii
student and teacher feedback, (3) the third-year course was developed incorporating

Harvard Project Physics materials as a main vehicle, and (4) an evaluation program

for the three-year course was developed.

10
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Three-Year Course Rationale xvii

The decision to try to develop a three-year integrated science course which
would replace the traditional three courses in biology, chemistry and physics is
based on several considerations. Among them are:

(1) a conviction that modern developments have made the division of science
under these three headings obsolete;

| (2) a recognition that the traditional courses overlap in many areas,
resulting in a great deal of duplication and repetition as in the gas laws, atomic
and nuclear structure, calorimetry and the kinetic molecular theory;

(3) a feeling that terminal students, who take no more than one yeér of
science, deserve to get a taste of all of science rather than just one aspect, as
they do in the conventional programs;‘and

(4) a desire to emphasize the unity in the approach to natural phenomena
and the similarity in the methods, techniques and apparatus used by scientists in
all fields.

A natural question arises as to what distinguishes this course from a
general science course expanded to three years. The answer is that this course
does not consist of a number of unrelated topics that might be taken up in any
order; rather, it treats science as a structure that proceeds from observation to
the development of general principles and then to the application of those principles
to more involved problems. The emphasis in a génera] science course is on the
results of science; the emphasis here is on the methods and reasoning by which
scientists have arrived at these results.

The three-year course outline shows that a number of topics such as
properties of matter, energy, heat, and certain biological concepts are discussed
at the first-year level and again later in the course. This re-cycling is deliberate.

It is intended to introduce students in a semi-quantitative way to some of the

17
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significant generalizations of science and to show how these generalizations arose.
These topics are treated again in the second and third years when greater facility
with mathematics on the part of students makes it possible for them to understand
and appreciatg discussions of these topics in the succinct and precise language of
mathematics. ‘

An excessively formal and quantitative approach is avoided in the first
year for several reasons. Students at this level do not extract essential meaning
from such a presentation of information; furthermore, first encounters with new
ideas should proceed from-an intuitive, non-quantitative confrontation to one that
is more quantitative. Teachers have spoken out against teaching and learning methods
which substitute equations, formulas and other quantitative representations for
first-hand experience, word descriptions, examples and illustrations. These
criticisms are just as valid for students who are very capable and very interested
in science as they are for other students. Moreover, the mathematical sophisti-
cation of students at this level is such that they are unable to follow most mathe-
matical arguments as expianations for natural phenomena.

| The typical science experiences of most secondary school students consists
of one or two years devoted to general science and biology. Few study physics and
chemistry. A significant advantage to the course of study described here is that
students are given a chance to study physics and chemistry at a level of rigor
that is consistent with their ability and their mathematical maturity. Students
who terminate their study of science at the end of one year get a significant
expcsure to the structure of biology, chemistry and physics as they are presented
in the latest curricular developments. Students who might not elect science beyond
the first year because of lack of interest in biology may be attracted by the
chemistry or physics portions of the course and elect to take an additional year
or two of science. Students who are "turned on" by biology may wish to pursue

further study of biochemical topics in Years II and III.
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FIRST YEAR COURSE | xix

After considering these problems and goals, the general course outline
for the first year of the course was derived. It consists of four main parts:

(1) Perception and Quantification

(2) Heat, Energy and Order

(3) Mice and Men

(4) Environmental Balance?

The year begins with a study of the perceiver, moves on to the perceived,
and ends with the interaction of the perceiver with the perceived. The first-year
student starts out by gaining a better awareness of the nature of his perception
and senses -- the faculties that make him aware of the world around him. With an
increased understanding of these perceptual abilities, he can turn to the environ-
ment and then relate himself to it. He finds that his perception is limited and
fhat he often needs to call on technological and conceptual eXtensions and that
even these have their 1imitations.

The importance of organization and classification as parts of perception
is emphasized. The physical properties of matter are introduced and studied as
aids in organization and c1ass1fication of chemicals. The identification of un-
knowns by study of their physical properties and use of organized data on punch
cards is the culminating experiment of the Perception unit.

Apart from the great diversity exhibited in nature, which the scientist
must organize in order to comprehend, certain unifying principles are essential for

deeper understanding. The most powerful of these is the energy concept, which is

explored in the "Heat, Energy and Order" unit in several of its ramifications -

physical, chemical and biological. The discussion begins by developing an experi-
entially important energy form, viz., heat. The macroscopic aspects of heat as
embodied in calorimetry are related to the microscopic in terms of random molecular

motion. This builds confidence in the idea of the atomic nature of matter, which

19



XX
js essential to much of the unit. Various energy conversions form the vehicle

for extending and generalizing the energy Zoncept. Nuclear energy is developed
in sufficient detail to underscore its environmental and social significance.
Finally, the thermodynamic limitations and implications of energy conversion are
evslored, ending with a view of life as a supremely artful organizer in nature,
a rechanism powered by energy which creates wondrous "local order", but always
at the expense of influencing its environment.

The growth of a mouse colony carries the thread of the unit "Mice and
Men." As the colony develops, students learn many things about the concept of
n~aulaticn. The food and water consumed and products eliminated tie the mouse
colony back to the unit "Heat, Energy and Order", and point ahead to the chapter
on communities and to the unit "Environmental Balance?".

The cell concept is given prime position in this unit. It is used to
antor tonics on reproduction, embryology and maturation which are observed in the
mice and other organisms. The mice selected for the original colony are such ‘that
an experiment in Mendelian genetics comes out of the observation§.§tudents make
&5 the coleny develops. In most of the chapters man is an important organism and
rnives as much attention as the mouse, although the data are often secondhand.

A rather unpleasant fact that must be faced is that as our population
incrnaces, and human activities are directed towards increasing the standard of
1iviag for thi< population, strains are placed upon the environment. As students
diccover in "Mice and Men," the size of the community has a relation to both the
auertity of the food, water and energy required and the quantity of waste products
nrcduced. To develop the concept of a closed system and point out the necessity
for onvironmental management, an analogy between the earth and a spaceship is
mada. Students are then introduced by a multi-media approach to the nature of some

oi our corrcr, poliutants (with emphasis upon air, water’, heat, noise and radiation)
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as, well as their effects. Following this students are encouraged to undertake a xxi
rather detailed study of a particular type or aspect of pollution. Emphasis here

is placed upon student activity, which may take any number of forms. The culmi-

nating activity centers around discussion of these spgcial studies together with

the complex relations involved within the environmeﬁt. -if is hoped that out of

these studies students will become aware of threats which exist to man's future

on this planet.

THE SECOND YEAR COURSE

The second year of the course is considerably more quantitative in its
approach than the first. This is the case because (1) the students are one more
year along in their mathematical preparation, (2) the studeﬁts who elect to take
a second year of science are more likely to exert the effort to master more diffi-
cult topics, and (3) many of the quantitative aspects of physics and chemistry
are basic to an understanding of molecular biology, which is an important part of
the following year's work.

The second year consists of two parts:

(1) Motion and Energy |

(2) Chemical Reactions

Year I1 begins with the study of motion, going from the quantitative
description of motion to a consideration of what causes motion and a discussion of
Newton's laws. There follows the development of the laws of conservation of
mementum and energy, including a discussion of energy in biological systems. This
section, which is primarily mechanics, culminates with a discussion of kinetic
molecular theory.

Due to recent advances in both molecular biology and biochemistry, the
descriptive approach to biology has gradually given way to one that is brimarily
analytical. It is now necessary, even on the high school level, for the serious

biology student to have a more thorough understanding of those concepts normally
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«xii  embodied in the "modern" high school physics and chemistry courses. The major
ubjective of "Cheﬁ}cal Reactions" is to build some of those basic chemical concepts
that are necessary for an analytical study of "The Chemistry Of Living Matter"
and "Energy Capture and Growth."

The following subtopics of this section help in the realization of the
major objective: Some of the topics discussed are the mole concept, equation
writing, energetics associated with chemical reactions, the dynamic nature of
particles and their interactions and the application of energy and equilibrium to

chemical systems.

THE THIRD YEAR COURSE
Year III consists of four parts:
(1) waves and Particles
(2) The Orbital Atom
(3) Chemistry of Living Matter
(4) Energy Capture and Growth
The underlying rationale of the third year is a study of energy and its
importance to 1ife. The first thrust is to build the orbital model of the atom
using, as background, waves, electromagnetism and historical models of the atom.
Once the orbital model is established as a representation of the localization and
directionalization of electronic energy, structural models are built to show how
biopclymers are spatially arranged and experiments are done to give evidence of
energy relationships. With shape, size and energy relationships of molecules
cstablished, the DNA molecule is introduced. The culmination of this work comes
in che final section when photosynthesis is considered. With this topic, much
that has gone before is brought to a logical focus.
These topics are most appropriately placed in the third year of the

integrated sequence after students have developed some facility with basic ideas
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_ xxiii
from chemistry and physics - e.g., quantitative knowledge about energy, mechanism

of chemical reaction, equilibrium, rate of reaction, the photon and wave nature
of light, electrical phenomena, and kinetic molecular theory. They should not now
' simply parrot biochemical processes such as photosynthesis and cell respiration
but should understand the many chemical and physical principles which underlie
these processes.
Time is allotted at the conclusion of Year III for individual investigation

and studies.




Three-Year Course Outline
TOPIC

First Year
Part One: Perception and Quantification
I. Sensing and Perceiving

II. Measurement, Distribution,
Organization and Communication

Part Two: Heat, Energy and Order
[. Heat
II. Temperature and Chaos
III. Energy
IV. Nuclear Energy and Radioactivity
V. Trends in Nature
Part Three: Mice and Men
I. Reproduction and Development
II. Genetics
ITI. Genetics‘and Change
IV. Populations
V. Ecology

Part Four: Environmental Balance?

*  pp designation signifies materfals produced by the Portland Project.
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xxvi

DPart One:

VI.

Part Two:

I.
IT.
III.
Iv.

VI.
VII.
VIII.
IX.

XI.
XII.

TOPIC

Second Year

Motion and Energy
I.
II.
III.
Iv.
V.

Motion

Newton Explains
Multi-Dimensional Motion
Conseréation

Energy - Work

Kinetic Theory of Gases

Chemical Reactions

The Mole as a Counting Unit
Combinations of Gases

A Useful Form of P=kDT
Chemical Equations
Electrical Nature of Matter
Basic Particles

Energy Effects in Chemical Reactions
Rates of Reactions
Equilibrium

Solubility

Acid-Base

Oxidation-Reduction

* HP designates Harvard Project Physics material.
+ CHEMS designates material derived from the Chemical Educational
Materials Study.
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xxvii

TOPIC REFERENCES
XIII. Stoichiometry CHEMS
Year Three
Part One: Waves and Particles
I. Waves HP
II. Light HP
III. Electricity and Magnetic Fields HP
IV. Faraday and the Electrical Age HP
V. Electromagnetic Radiation HP
VI. The Chemical Basis of Atomic Theory HP
VIi. Electrons and‘Quanta HP
VIII. The Rutherford-Bohr Model of the Atom HP
1%. Some Ideas from Modern Physical Theories HP
Part Two: The Orbital Atom
I. Atoms in Three Dimensions PP
II. Many-Electron Atoms CHEMS
II1. Ionization Energy and the Periodic Table CHEMS
IV. Molecules in the Gas Phase CHEMS
V. The Bonding in Solids and Liquids CHEMS
Part Three: The Chemistry of Living Matter
I. Monomers and How They Are Built PP
II. Polymers or Stringing Monomers Together PP
II11. Polymers in 3-D or The Shape of Things to
Come PP
IV. Where the Action Is--The Active Site PP
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V.
VI.

How Polymers Make Polymers

Genes, Proteins and ’lutations

Part Four: Energy Capture and Growth

I.
.

e T
IS e

Energy Capture
Erergy Consumption - Metabolism
Metabolism and Genes
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Qutline: Perception and Quantification

SECTION TOPIC PAGE
I Chapter I: Sensing and Perceiving 9
A Experiment: The Sow Bug 9
B Optical Illusions .12
B.1 Experiment: Size Illusions 19

B.2 Using Illusions 22 -
B.3 Demonstration: Seeing Through Hearing 24
C Limitations of Our Senses 26
c.1 Experiment: Touch 30
c.2 Experiment: Depth Perception 30
Exercises for Home, Desk, and Lab (HDL) 35
Questions for Further Study or Experimentation 36
c.3 Reliability and Validity 37
C.4 Experiment: Peripheral Vision 38
Exercises for Home, Desk, and Lab (HDL) 42

Questions for Further Study and Experimentation 43

C.5 Experiment: Visual Reaction Time 44
C.6 "Experiment: Auditory Reaction Time 47
Exercises for Home, Desk, and Lab (HDL) 51
C.7 Experiment: Paramecia and Their Speed 54
c.8 -Demonstration: Size and Weight A 55
Exercises for Home, Desk, and Lab (HDL) 57

Questions for Further Study and Experimentation 61

D Experiment: Responses of Sow Bugs 62
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SECTION TOPIC PAGE
Il Chapter II: Measuremen?, Djstribution.
Organization and Communication n
A Measuring and Counting n
Al Systems and Units of Counting 72
A.2 Distance, Mass, and Time 73
A3 Experiment: The Scalene Triangle 75
A.4 Uncertainty Associated with Measurement 76
A.4.a Uncertainty Associated with Instruments 77
A.4.b Human Uncertainty 78
A.4.c Uncertainty Due to Changes Within the System 79
A.5 Range of Uncertainty 80
A.6 Place of the Uncertainty _ 81
A.7 Rounding Off to the Correct Place . 81
A.8 Propagation of Errors 82
A.9 Significant Figures 82
A.9.a Adding Significant Figures 83
A.9.b Subtracting Significant Figures 84
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Chapter I: SENSING AND PERCEIVING

Equipment and Materials:
Suggested: & amimale per

student.
A. Experiment: The Sow Bug The less you structure
this experiment for the
How good are your powers of observation? student, the better his

learming experience may be.
Do you have the patience and the know-how that
A class of thirty stu-

it takes to be a really good observer? In this dents might be arranged in
groups of gix. Each student

experiment you will be observing a familiar i8 given sow buge to observe.
With many sow bugs on a

object -- a sow bug. table there could be inter-
action bctween the sow bugs

Write a description of the sow bug your as well as between the

students.

teacher places before you on the table. Make
Instrumente such as

it as complete and detailed as you can. magnifying glasses, rulers,

meter sticks, balances, and
When you have completed your individual graduated cylinders should

be available in the event

lists, one person at each table will be assigned they are asked for. If
students raige questions

the task of itemizing all the different observa- while observing the sow bug
and ite activities, these

tions made by your table. should be written in their
data books.

10 to 1§ minutes may
be all the time needed by
the students to complete
their lists.

Assign one person at
each table to report the
observations for the rest.
These could be listed on the
blackboard and only non-
repetitive observations
added as each table reports.

The students could make
a contest out of this; the
winning table (team) would
be the one that has the
greatest number of observa-
tions. Of course, all inter-
preting or inferences would
have to be ruled out.
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10 During the class dis-
cussion that follows,. it may
prove worthwhile to: "

(1) Ask the students
to tell which sense or senses
they used when making each
observation. Note these
next to each observation on
the blackboard using initials
as in the following:

Eyesight - E
Feel - F
Hearing - H
Taste -7
Smell -3

Temperature -~ Te

(2) Ask the students to
consider what conditions carn
be controlled or need to be
controlled as they observe
their subject. Have them
name some conditions which
might not be tmportant in
this one. Examples would be:

~--The experiment is
done on the second floor.

--The lab table is near
the back wall.

Ask them to consider
some conditions which might
have been tmportant to the
experiment they just carried
out. Examples here would be:

--The experiment was done
in the morning (or the middle
of the aftermoon).

--The sow bug was on the
table out of its environment.
--The temperature of
the room is around 70° F

(abcut 21° C).

(3) Also, you might
offer questions like those
that follow:

--Why do you think these
conditions are important?

--How might they be
different from those in the
antmal's ratural habitat?

--What do you think is
the natural habitat of these
animals?

O
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Many times it is diffi- N
cult to recognize conditions

that might seriously affect

what t{s being observed in an
experiment.

This experiment should
point up (1) the need for a
student to improve hie tech-
niques used tn making obser-
vattons, (2) the answer to
which sense or senses are most
commonly uged in observing
(and the need to bring more
into use), and (3) the impor-
tant difference between
observing and inferring.

# # »

Some possible observations:

One very important obser-
vation should involve behavior.
About 70% of the isopods should
be able to roil up in a ball.
The others will not be able
to do this even when tormented
quite a lot. YOU SHOULD SEE
TO IT THAT BOTH KINDS ARE IN
THE SET TO BE OBSERVED.

It will probably be noted
that the dorsal surface is
quite smooth although the
minority will have many
tubercles (warts - bumps);
other traits may be noted that
will naturally segregate the
gow bugs into two sets.

These sets are really
general; there are only a
few genera of sow bugs in
North America, including
Armadillidium (a type which
rolls itteelf up like an
armadillo) and Porcellio.

Instruct the class that
in the future it is
Porecellio which they ought
————,
to bring in when sow bugs
are needed for experimental
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work. Furthermore, there are
two kinds of Porcellio-(spec-
ies): when mature Porcellio
laevis is larger and less
tuberculate than Porcellio
scaber.

1) They have 2 antennae

2) They have 7 pairs of
legs

2) Body is jointed

4) Three regions: head,
middle, tail

5) Some have 2 pro-
Jections on tail

6) Edge may be smooth
or saw-toothed

7) Legs are jointed

€) Some of them roll
up in a ball when
botherad

9) Flat ones are faster

10) Some are domed;
others nearly flat

11) Some have a faint
pattern of color on
the back

Keep this section moving.

The student has observed
the sow bug. One purpose of
the following exercises and
experiments 1s to point out
that our senses used in
obsecruing are not always re-
liable. Environmental factors
and preconceptions or "mind-
set" will affect the way we
perceive. We also have bio-
logical and physical limita-
tions. Another purpose is to
show that although people
perccive somewhat similarly,
they also perceive differenily
in many instances. A third

O

B. OPTICAL ILLUSIONS

You have noticed the use of your senses
in observing and describing a sow bug. How
reiiable are your senses and the observa-
tions you: make by means of those senses? See '

Figures B.1, B.2 and B.3.

40
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Figure B.2 -

Figure B.3-
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purpose i8 to lead the stu-
dent to realize that he needs
tools to extend hie senses

and that he ngeds to uce
measurement and quantifica-
tion in order to commnicate
to others comparativr ’2g-
eriptions of what he  .ceives.

There i8 a lar;e number
of examples of opti~al illu-
gions available. Student
science magazines, psychology
and physiology books are
urudlly good sources. Sug-
gt books: The Mind (Life
Seience Library, Time Ine.,
N.Y., 1964); D. Krech and R.
S. Crutchfield, Elements o
Payeholo (Alfred A. Knopf
Pulbliehing Co., N.Y.,1961);
and N. Beeler and F.M.
Branlcy, Experiments in
Opitcal Illuston, (Thomas Y.
trowell Co., N.Y., 1951).
There are also some commer-
eially prepared transparen-
nieg available (3 M Company).
The teacher could use more
examples of optical illustions
s o s fit - depending
urow o md materials
avalcab . and on +he interest
of the elass.

4 useful and interesting
pamphlet iy The Color Tree
Ly Intorchem.  For information
send o Interchemical Corpora-
tion, 67 Weet 44th St., New
York, New York 10036.

ihe following gives dir-
eation: for preparing three
tliuriona that should be of
interest,  Students who wish
to do o eould make these for
tnemaeloen or the class.

Colop After-Image

We e not deal t here
with frtepcgting color 1llu-
ailene op color after-image.
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One good example is a draw- 15
ing of the Ameriecan flag with
black stars on yellow back-
ground and alterating green
or bluc-green and black stripas.
The colors must be vivid.
The student stares at the
center of the flag for about
30 seconds and then looks at
a white paper for about 10
seconds. An after-image
appears of a red, white, and
blue flag. (Squinting the
eyes a little sometimes makes
the after-image clearer.)

The Pendulum

Tie an object such as
a small metal weight on the
end of a string. Tie the
other end of the string to
any kind of a hook (a nail,
light fizxture, etc.) attached
to the wall or ceiling. This
will allow the object to
swing freely as a type of
pendulum. It ghould wing
parallel to the wall. Hold
a ptece (about 2" square)
of colored filter paper (or
cellophane or colored glass)
over one eye. Look at the
swinging object (pendulum)
with both eyes open. Al-
though the pendulum is
swinging parallel to the wall,
it will appear to swing in an
ellipse. It will appear to
swing counter clockwise if
the right eye is covered and
clockwise if the left eye is
covered.

The color of the filter
paper used is not important
as long as it is dark. Dark
Dluc, green, or red is
effective.

An attempt should be
made to explain the illusion.
(Cutting dowm the light in-
tensity to one eye ig re-
spongible for the effect.)
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Test such hypotheses as
these:

(a) The illusion is due
to certain colors. (Not 8o;
different colors give the
same result.)

(b) The illusion is due
to the filter paper or the
glass. Clear paper or glass .
would not produce the illusion.
Colored paper and colored
glass give the same illusion.

(c) Light is bent.
(Not so. Try a clear convex
or concave lens. The illusion
will not occur.)

The Trapezoid

Build a trapeszoid ac-
cording to the pattern given.
As ghoum on the patterm,
shade both gides exactly the

same.

Attach the trapezoid to
a hand drill. This can be
done by using a paper clip.
Straighten one of the bends
in the paper clip and glue
this to the trapezoid. Put
the other end (still bent) in
the hand drill and tighten
the hand drill in order to
hold it.

Turn the hand drill to
rotate the trapezoid. Because
of its shape and its coloring,
the trapezoid will appear to
ogcillate rather than to
rotate.

It will be necessary to
experiment somewhat to find
the proper speed of rotation
to get the illusion, but
about one or two turng per
second should work.

The illusion i8 easier
to see if one eye i8 closed.

44
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It would be better if a
variable speed motor or tum-
table could be used in order
to turm it more evenly. It
would also be more effective
to conceal the device used
to turn the trapesoid.

For further illusionm,
place a half of (colored)
kleenex through one of the
windows (or use a small
peneil held by a wire) and
turn the trapezoid.

WARNING TO TEACHERS:

Prepare for Experiments
C.1 through C.6.
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B.1 Experiment: SIZE ILLUSION

Look at the following figures and record
in your lab book which is larger, A or B? Do
not be influenced by what you may know to be

the right answer.

Which one do you think 1ooks larger?

Estimate how much larger. (Do not measure.)

N
v N

< -—>

Figure B.4 - Which 1s longer?

Fijure B.5 - Front post is A, back post
is B; which is taller?

Q 47

Equipment and Materials
30 metric rulers or
meter sticks

In looking at these
optical illustions, the stu-
dent should notice that the
surroundings, the positionm,

"and the color (light and

dark) have an effect on our
visual perception.

It 8 also hoped that the
student will realisze a need
for measurement. The ideas
of uncertainty, significant
figures, and averaging can
be introduced here, but they
will be treated in more detail
later.

You are asking the stu-
dents to estimate "how much
larger" but not allowing
them to measure. The idea of
ratio could be introduced with
these types of questions:

Does one figure appear
to be twice as large (ex-
pressed 1:2)? Half again as
large (expressed 1:1.5)?
One-tenth again as large
(expressed 1:1.1)?

Some students will have
seen these and know that in
each case they are the same
8ize. Some others might
give what they think will be
the right answer and not what
they actually see.

They are not to make mea-
surements of any kind at this
time. When time for measure-
ment arrives, be sure the
metric system is used.

19
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Figure B.6- Which circle is
larger, A or B?

Figure B.7- Look at the center circle.
' Is the center circle in A
. the same size as the center
circle in B?

ERIC 48




It is hoped that at this <&
point students will see the
need for a me ing inetru-
ment. They should be enoou-
raged to devise their oum
units of measurements, eveén
if they use a pencil or a
aimilar object as a measuring
instrument to make comparisons.

Now ask for the actual
figures 8o that you can put
them on the board. When _
this is done, students should
see the need for a common

- standard of measurement. If
one student gives his answer
in inches, another ’Jdof a
- pencil, another the distance
Figure B.8 - Nhich is larger? From his knuokle to the end
of his finger, they should
8see that ocomparisons of
results camnot be made and
also that the length of a
finger would not be the same
for all. A common standard
18 needed. Disocuss this in
class.

Pass out meter sticks
or rulers that are marked in
the metric system. Have them
meqsure irf om t.he length of
Now that you have recorded your answers, Z‘; em;‘zsnszj;egz;:f'

ments if so desired, but one
Which one in example should be adequate.)
It may be necessary to take
some time here to help those
who are not familiar with
the metric system, but a
lengthy treatment is not
necessary. An undersianding
of what a om i8 and how to
read the ruler is probably
sufficient.

Figure B.9 - Which circle is larger?

check to see if you are right.
each case is actually larger? Record the
answers in your lab book.

For helpful hints in writing labora-
tory reports see Appendix A.

After the class has
completed measuring (and
recording) the length of
the lines in Pigure B.4,ask
for the results of ten to
fifteen students for line A.
Put these on the board. It
i8 expected that the answers

49
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will vary slightly. These -
variations could introduce
the idea of uncertainty,
human and instrumental error,
significant figures, and
averaging.

At the conclusion of
B.1 show the film "Visual
Perception” (19 minutes),
1959, Educational Testing
Service. '

B.2 USING ILLUSIONS

In Figure B.5 do you get the illusion of
depth? Artists often make use of this illusion
(which they call perspective). Have you seen
examples in which "pop" artists use 1ines and

colors to create illusions?

Figure B.I0

In the picture above the 1i:.te~
Tooks larger. The next time you e - « & jrnery
store, notice huw many packaged fcods are i ‘iuht

colored'containers.

50




Dress designers also make use of illusions.
A black dress makes you appear thinner. What
effect would a 1ight dress have? Designers
must also consider how lines affect your

appearance. Which of the identical girls be-

low looks thinner? The cne wearing the
dregse with vertical lines
looks thinner.

~u  on A
K 4 9@} .
. A
o /
e ——e
\
’ e ——————

Figure B. 11

Can you think of other examples of using

optical illusions?

(O]
—
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Equipment and Moterial:
blindfold
8" x 12" cardboard
1" > 8" cardboard

The film "Blind as a
Bat" (MIS, 1954, 7 min.),
available at Portland Admini-
stration Building, can be
shown inmediately preceding
the "SEEING THROUGH HEARING"
demonstration, which will
be much more effective if
the film is shown. Ask the

" students if they could do as

well as the bats.

Blindfold a student and
seat him on a chair in. front
of the class. Tell the blind-
folded student that two pieces
of eardboard will be succes-
cively passed before his face.

Ore picce of cardboard is
8 x 12 inches. The other is
4 x 6 inches. The blindfolded
student should hiss while the
teachcr holds the cardboard
about 8 inches from the stu-
dent's mouth. Moot students
will have no difficulty iden-
tifyivg the eards. Repeat
the demonstration with several
students as time allows.

In addition to size dif-
ferentiation by sound, blind-
folded ctudents may also
locate direcetion by sound.
Have a blindfolded student
seated in a chair plug his
c1rs with his fingers while
neu meve to somc position in
a 180° are in front.of the
atudent. After counting to
10 while his fingers are in
hic earz, the blindfolded
ctudrnt should remove hic
fingera from hic ears and
bagir nicging. You will hold
the 3 x 12 inch curdloard
about 8 inches from his face
as he hisses and awivels his
hend from side to gide. The

B.3 - Demonstration: SEEING THROUGH HEARING
You have heard of bats flying at dusk

and you know that airplanes fly at night.

Subinarines navigate under water. How can they

see to follow their courses? What are your

"séeing" powers when blindfolded? Your

teacher will show you how tc "see" with your

ears.

For optional experiments related to

perception, see Appendix B.
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blindfolded student should

have no diffioculty in loca~

ting the card and pointing

to your position. Pexrhaps

your students have read

reports on teaching blind

humans Sonar navigationm.
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Lab instructions for
Ewemnts 001 - c- 8-

In these five experiments
students should recognize some
limitations of the human
senses. Because quantifica-
tion 18 used, students can
compare results and find
some similarities and dif-
ferences in human perception.
They should beg”+ to see a
need to use too.s to extend
their senses.

The techniques of re-
cording data, averaging and
graphing are emphasized.

All five experiments
should be set up in one room
at one time. Student lab
groups made up of three stu-
dents do each experiment, but
each group does them in a
different order.

It is suggested that you
give general instructions for
the whole lab block before
dividing into small groups.

After instructions are
given, assign lab groups and
the order in which each group
18 to proceed.

There are five experi-
ments and three students in
a lab group. Therefore, if
you have more students, you
will need to prepare two sets
of equipment for some of the
experiments. The Reaction
Time, Touch, and Visual and
Auditory Reaction Time
experiments require the
least amount of equipment,
80 use two lab '"set-ups"
for these as needed.

Toward the end of this
lab block, students may have
to wait for the use of the

C. LIMITATIONS OF OUR SENSES

In Experiment B.1 - SIZE ILLUSIONS, pro=~
bably most of you chose the same figure as
being the larger. But when you observe
things, do you all perceive (see, feel, smell,
hear, taste) the same things in the same way?

You know that some people like the taste
of olives, some do not. Is this because they
taste different to some? You know that your
environment and learning have an effect on how
you per#eive and on your choice of what you
like or don't 1ike. But do you actually know
whether or not all people taste the same thing
in the same way?

When you see something that is blue, does
it look exactly the same blue to someone else?
Since there is no way to measuré or quantify
your perception cf blue, there is no way of
comparing and communicating with others as to
what you actually are perceiving. Therefore,
there is no way to tell whether or not the

blue looks exactly the same to someone else.
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equipment for Depth Percep- 27

tion, Peripheral Vieion, and
Responge Time of the Eye. By
then, hamvcz they should
have enough data to compile
and questions to answer that
they ocan work on theee while
waiting. Also, most of the
experimsnte are open-ended
and have suggestions for
further study and experi-
mentation for students who
have the time.

With thie many lab groups
and experiments, it is sug-
gested that you use etudent
help or lab aseistants. They
oould help set up the equip-
ment and keep it working and
ocould help students with
general instructions and
procedures.

The formula for finding
an average or mean ie8 used
quite often. It i

X = gz where

N

X i8 the average or mean; Z,

the vvm of; x, the individual
scores; and N, the number of
trials.

You might want to dis-
cuss -hie formula with them
now by putting it on the
board and seeing if they can
figure out what it means.

5
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Instructione for the stu-
dents are as follows: (read
them with the ctudents for
erpphasise) :

(1) Read the directions
and background material for
the experiment you will be
doing before you come to
class (time is limited).

(2) In class work
q--...ly but carefully. You
wili be expected to do one

Your senses are limited in several impor-
tant ways. You will conduct a series of ex-
periments to determine the nature of some of
these limitations. Since in these experiments
you will be making some measurements, you will
be able to make some comparisons as io simi-

larities and differences among sense perceptions.
There are five experiments to be done:
Touch
Depth Perception
Peripheral Vision
Visual Reaction Time
Auditory Reaétion Time

The teacher will assign lab groups and
give directions. He will also assign the order
in which each group is to do the experiments.

Read carefully these instructions:

(1) Read the directions and background
material for the experiment you will be doing
before you come to class (time is limited).

(2) In class you should work quickly but
carefully. You will be expected to do one
experiment, collecting and recording all of
the necessary data in about one lab period.

(3) You will be-expected to do some of
the data compiling, mathematics, graphing and

questions at home. (The teacher will need to
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take some time in class for those who need help experiment, collecting and 29
. recording all of the neceseary
and for general instructions and discussion.) data in about one lab period.
(4) 1f the equipment you need to use is (3) You will be expected
to do some of the data oorpil-
busy, while you are waiting, use the time to ing, mathematics, graphing,
and questions at home. (The
compile data and answer questions. If you have - teacher wtll need to take
some time in class for those
time, work on some of the suggesticns for who need help and for genmeral

instructions and discussion.)
further study and experimentation.

(4) If the equipment
you need to use is busy,
while you are waiting, use
the time to compile data and
answer questions. If you
have time, work on some of
the suggestions for further
study and experimertdtion.

It i8 expected that this
lab block will tike two-and-
one-half weeks. Some of the
questions involving compari-
song to the whole class can-
not be answered until all
of the students have fin-
ished, so allow two or three
days for discussion of these
questions.

At the end of this lab
block be sure to discuss

Questions 2 and 3 (Depth
Perception)

Questions 3 and 4
(Peripheral Vision)

Questions 2, 3, 4, 5, 6,
7, and 8 (Visual and
Auditory Reaction
Time)

o7
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Equipment and Materials
compass, divider, or
other sharp instrument
lindfold
metric ruler

Ideally you should file
the sharp metal point of the
compass to a slightly rounded
point more like the pencil
point. Students will find
that their finger tips will
have a touch threshold about
ten times more sensitive than
their forearm (3 mm vs. 3 cm).
It makes no difference if the
front or rzar of the forearm
is touched. The most important
instruct.on is that great care
be taken to have both points
of the compass touch
simultaneously. The student
baing "touched" may be blind-
folded or he may simply look
avay from his arm. There
should be time for each stu-
dent to be "touched."

The finger is much more
sensitive than the forearm.

We don't think alignment
makes a difference, but it
depends upon experience.

Equipment and Materials

Heavy string (one about 200
cm long, another about 600
em long).

¢ pens or pencils, same
ecolor and size, with
elips.

Cardboard for shielding and
serrens, neutral color.
Meter stick.

C.1-Experiment. TOUCH

Spread the points of a compass (divider) to
4 cm. Touch the points of the compass to the
forearm of a blindfolded 1ab partner. Ask if
thergyare two pofnts or one point touching his
arm. Record the distances and the student
responses. Move the points of the compass
closer together. Record the distance that your
lab partner reports as a single touch when two
points ar= :ctually touching his arm. Remem-
ber to use an occasional one-point touch as a
control or otherwise he will know that he is
being touched with two points every time. Re-
peat this process on the tip of a finger. What
do you find about the sense of touch for a
finger compared to the forearm?

Does your sense of touch differ from that
of your lab partners? Does the alignment
(parallel or perpendicular) of touching upon

the forearm change the measurement?

C.2-Experiment: DEPTH PERCEPTION

The object of this experiment is to try to
line up the two pens by moving one of them. You
will need three people in your lab group. One
student is the subject (S), one is the experi-
menter (E), and one is the recorder (R). After

twelve trials change roles and repeat the pro-

o8
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cedure for twelye trials. Then again change

positions. Each of you will then have performed
each of the roles of S, E, and R.

As S, you will sit at the table and look
at the pens either (1) through a hole in the
cardboard screen that allows you to use only
one eye (either the left or right) with no head
motion (monocular condition), (2) through a
wide hole in the cardboard screen that allows
you to use both eyes and no head motion (bino-
cular condition), or (3) with the cardboard
removed allowing you to use both eyes and head
movement (motion parallax condition). Keep
your head low enough so that the meter stick
is not visible to you.

R will tell you the proper condition to
use. Take the string and adjust the movable
pen to a7u fro until you think you have it
1ined up with the stationary pen. You have
then judged them to be the same distance from
you.

As E, between each trial you will change
the standard pen (the one that cannot be
moved by S) to a new position and adjust the
movable pen to the front or back of the meter
stick. Why should this be done?

When S informs you that he has the pens

lined up, give the error score to the recorder.
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2 amall boxes to support pens
or penctils.

In this experiment stu-
dents are to assess the ad-
vantages of binooular dis-
tance peroeption as compared
to monooular distance perocep-
tion. They are also to
evaluate the addition of
motion parallax as an aid in
distance perception.

The experiments show
similarities (binocular dis-
tance perception will be
better) and differences
(tndzvzdhal scores will
differ) in visual perception.

There will be a need to
find an average or mean error
score.

In order to have a ¢tand-
ard with which to ~ompare,
X can be -found fcr :the class
by a few students.

Assemble Juipment as
ghown in the ..agram. Dis-
tances are approximate and
can be varted.

Instruct the students to
use the same eye throughout
all the monocular tests.

Notice that the experi-

- menter moves the pens between

trials, and that the condi- .
tions are varied. Learming
takes place and the subject
makes adjustments if this is
not done. For ezample, if he
i8 consistently getting a
negative score, he will
compensate for it. He may
also find other clues to use.
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34 , This error score {s the number of centimeters
(to the nearest 0.1 cm) that the movable pen is
from the standard pen. If the movable pen is
too far from S, give the direction of error as
minus (-); if it is too near, give it as
positive (+).

S As R, you record for S, Make a chart as

follows:
Trial | Condition Error{ Direction of
Score|{ Error (too
near +) (too
far -)
1 Monocular
2 Monocular
3 Binocular
4 Binocular
5 Motion
Parallax
6 Motion
Parallax
7 Motion
Parallax
8 Motion
Parallax
9 Binocular
10 Binocular
1 Monocular
12 Monocular

Why are the conditions varied? You give
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the condition to be used for each trial to S.
As R, record the error score and direction of

error as given to you by E.

Exercises for Home, Desk, and Lab (HDL)

(1) What were your average scores for
each condition? Why are you asked to find
the average rather than to choose one scove?
What is your average when you disregard the
+ and - signs? What is your average when
you consider the + and - signs? Which is
more meaningful? Compare your averages with

others in the class.

(2) Write a conclusion concerning the
effects of the three different conditions on
depth perception according to the data taken

on you.

(3) 1Is there any pattern in your data
of + or - errors for any condition? Compare

your findings with others in the class.
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(1) In megsuring we will
have a range of values. This
range of error shows up in a
frequency distribution curve:

By averaging we should come
closer to the more probable
answer. It should be pointed
out to the student that it
would be possible, if + and

- gigns are considered, to get
an average score of C. This
would not be very meaningful
if one time he got 20 cm too
far, the next time 20 cm too
near.

(2) Most students will
have a very small error with
motion parallaz, a slightly
larger error with the bino-
cular and quite a large error
with the monocular condition.

(3) Often for any one
condition the errors will all
be in the same directiom.
However, the next subject may
have his errcre for the same
condition in the opposite
direction. This would seem
to point out individual
differences and limitations.
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 thkey would like to investigate.

Students who are in-
terested and have the time
may do these. They may think
of questiong of their own that

In mc:t of these cases
accept the tudent's results
from iis experiments. Ques-
tion his deqree of confidence
in his renults based on the
number of teste donme and
nunber of peonle tested.

(1) It depends on the
condition of the eyes.

(2) Yes, you should.

(3) It would depend
on the type of correction
made by the glasses.

(4) Yes. There are many
examples of people who have
lost an eye who have become
experta in jobs that require
good depth perception. They
learn; they adjust and
compensate and find new clues
with which to judge depth.

Questions for Further Study or Experimentation

(1) With the monocular condition you used
only one eye. Will you get the same approximate
results usfng the other eye?

(2) Wil you have better scores on the
monocular condition if you are allowed to move
your head?

(3) Some of you wear prescription glasses.
Do you get better scores with or without your
glasses?

(4) A quarterback on a football team
would need to have good depth perception. Would
a person who had lost an eye ever be able to be-

come a good quarterback?
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C.3 - RELIABILITY AND VALIDITY

You may wonder at this point if a good
score in depth perception in this experiment
will mean that you will be a good driver. Of
course the answer 1s no. There are too many
factors involved in driving a car to expect
that one thing would determine whether or not
you are a good driver. You might argue,
however, that depth perception would be an
ability you could have that would improve your
driving. You will indeed need to judge depth
while driving. But don't be misled. This
experiment is reliable but it is not valid
for all situations involving depth perception.

By reliable we mean that if the experiment is

repeated you will get the same scores as before.

This experiment is reliable. By valid we mean
that there is a useful relationship between
results of this experiment and some other re-
lated performance. This experiment is not
valid for measuring the ability for depth
perception in all situations.

A' very similar experiment was used to
test airplane pilots. Jt was found that some
of those who did very poorly in the experi-

ment had very good depth perception as

pilots.
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It may not be reliable
based on what has been done
in class, but thousands of
tests have been made.
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Equipment and Materiais

Black cardboard or
ecardboard covevwr with
black constr.. ion
paper, 180 cm x 25 cm
(thickness should be
ak~ut 1 mm so that it
nan be bent into a
smooth semi-circle);
[ necessary, tape two
or three smaller pieces
of eardboard together
to get the required
lLength.

2 ¢ elamps (optional)

Masking tape

3 pirces of black con-
atruetion paper about
14 x 6 em

Grall squares (aoout 1%
sq. em) of red, blue-
ureen, and yellow
construction paper.

2 Llindfolds, one for the
right eye, one for the
Loft (optional)

I» this experiment stu-
dent.s - -rve ne of the |
Lemit :i " s of risual per-

- vt osie This vlso shows
aimilarities in visual
reoreaption (they will all
Jind yellow tl. eiziest to
faent? ft1) and d7t,erences
(tiwvn will have different
arerage response positions).

"hey should see the need
to find the average or mean
raecpence position and be able

So you may have a much better score than
your lab partner in this experiment, but while
driving, he may be able to judge the distance
to two approaching cars more accurately than

you.

C.4 - Experiment: PERIPHERAL VISION

How far can you see to the side if you
keep your eyes focused straight ahead? Can
some people see farther to the side
(peripheral vision) than others?

Does color have any effect on your
peripheral vision?

You will need three people in your lab
group. One student is the subject (S), one is
the expeirinenter (E), and one is the recorder
(R). After twelve trials change roles and re-
peat the procedure for twelve trials. Then
again change positions. Each of you will then
have performed each of the roles of S, E, and
R. |

As S, you sit in a chair in front of the
equipment. Make a loose fist with your hand
and place it on the table in front of you. By
resting your chin on your fist, you keep your-
self as much as possible from moving your head.
If this is too uncomfortable, use books under

your fist. Also, the white X mark on the card-

o)
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board and the colored dots on the movable
cards should be at eye level, so make adjust-
ments by using books.

Choose the eye you wish to use and cover
the other with your hand (or blindfold that
eye). Stare sfraight ahead at the white X
mark.

There will be a great tendency to move
your eyes. If you give in to this temptation,
you should inform E so that trial can be
disregarded. Your results will not be reliable
unless this is done.

As E,. you place one of the movable cards
over the cardboard on S's preferred side.

Hold it so that it is flat against the inside
of the cardboard. Place it at the farthest
lateral position (90) and move toward the
‘center (0) until S identifies the color of the
dot, not the motion or the card. Give
directions that S is not to guess but to report
only when he is certain he can identify the
‘color. When S identifies the color, report the
color and proper respense position (actually
the number of cm from 0) to the recorder. Be
sure to read from the mark on the card each
time and not the edges of the card. Why?

Each of the three colors (red, blue-green,

and yellow) should be presented about four
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to do the necessary mathe-
matice involved.

So that they will have
gome standard to compare to,
X should be found yor the
whole class. A couple of
volunteers could do this. Do
not use tndividual averages
but all of the individual
scores.

A histogram or frequency
distribution curve could be
done by an interested student.

A 10¢ pair of sun glasses
with one lens removed and the
other covered with black paper
will do; they ean, however,
Jjust cover their eyes with
their hands.

Mark the cardboard off
in centimeters on the out-
side, starting with 0 at the
middle and going to 90 on
both sides. Make these marks
about ? em from the top of
the cardboard. Place the
cardboard on the table as
show:. in the diagram. Use
masking tape to hold it in
position ty taping the out-
side of the cardboard to the
table. The C clamps may be
used but are not necessary
i1f enough tape ig used.

Black cardboard
White cho'k mork

Q Masking tape

Top view’
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The three movable cards times. The order in which you present the
b ing th
jgﬁsziﬁﬁtignf§§§2§gas 2h2520k different colors should be randomly selected--

n this edyefon vrews for example, red, red, yellow, blue-green,

yellow, etc. Why should the colors be pre-
sented randomly?
Also be sure that you give no clues to S

as to what the color might be. For example,

About
7 cm.

do not take a longer period of time, make a
different sound, or move 1n a different way

when changing colors. Move each color at

about the same speed.

In the middle of the
card on the straight edge
about 2 em from the bottom,
use a hole punch to punch out
a smull circle. Paste the
colored paper behind this so
that a dot of color shows
through. Slip this over the
cardboard semi-circle go that
tne colored dot is in the
Tnside, The experimenter can
then move it from the outside.

Make a chalk mark in the
middle of the card so that the
egperimenter reads the re-
sponse position from the game
p'lace each time,

. Colored
Faper

I‘___,"Hom

Chalk Murk
\&J
\ 69
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As R, you are to record the data for S. Random selection of
colors by £ is8 very important.
For axample: He should give no clues as to
what the color i8 going to be.
Trial Color [ Response Position If S knows what is to be pre-

gsented, he cannot be com-
pletely objeotive in his

1 Jjudgment. He will usually
have a larger response

2 position. This can be demon-
strated by comparing the

3 average response position of
‘4 - one of the colors when it

was moved from 90 to 0 (and
randomly selected) to the
average responge position
moving it from 0 to 90 (or
5 Ffrom 9C to 0 telling S which
color <t i8). Lab groups

(93]

7 having the time and interest
: could do this experiment,
3 collect the data, and present
5 it to the class.
; Actually this 18 a gcod
s tire to emphasize that in
: ary exr2riment variables
1 should 1ot be introduced thut

might iiterfere with the
variable (this time, color)
you are trying to test. This
variable you are testing is
called tne experimental
factor. Each experiment »r
trial should be dore in the
same way except for changing
the colors.

The color and response position is given to

you by £,
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(1) X =%X
N

(2) In measuring we will
have a range of values (this
can be shoum by a freque-cy
distribution curve):

RANGE

By averaging we ghould come
closer to the more probable
answer.

(3) Yellow shoul. give
the longest and red the short-
et responge position for all.
Also they will notice motion
before being able to identify
color. They will, however,
have different individual
regponse positions. We all
have limitations but thesc
vary slightly in individuals.

'4) If you were to map
the eye, you would find
different color receptors in
different positions. The
receptors for yellow are most
widely distributed and found
farther to the side. Red is
nearer the center. The
physical make-up of the eye,
therefore, determines our
similarities, differences, and
limitationas.

Brightness i8 also a
factor, yellow usually being
brighter than red.

Exercises for Home, Desk, and Lab (HDL)
(1) What is your aVerage'response position
for each of the three calors?
(2) You had four response position
numbers for each color. Why were you asked
to give the average (also called the mean) in-

stead of the highest or lowest number?

(3) Compare your results with other mem-
bers of the class. What similarities do you
find? What differences?

(4) What is your explanation for seeing

one color before you can see the other colors?
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Questions for.Further Study and Experimentation

(1) As E, you weré instructed to select
the colors randomly and to give no clues as to
what the color was to be. Would it make any
difference in the data if the subject knew
what color was to be presented? Check your
hypothesis by experimentation.

(2) If you use the other eye do you get

the <ame results?

(3) If you are allowed to move the eye,
‘will you get substantially better results?

(4) If you wear glasses, would this have
an effect on your results?

(5) White is a mixture of colors. What

results would you get in using white?

(6) Do you know of any animals that have

. independent eyes? What does this mean?

There is evidence that this experiment is
reliable, but there is no evidence that it is
valid for the driving situation (refer to 1.12).
You may have received a very low average re-
sponse position as compared to others, but in
driving a car you might be just as quick or
quicker than cthers to notice another car coming

nup heside you or approach'ng from a side street.

12

Studente who have the
time and interest could do
these. They may also have
questions of their own that
they would like to investigate.

(1) If the subject knows
what color is to be presented,
he cannot be completely objec-
tive in his judgment and will
very probably get larger
respor.se positions.

(2) It depends on thn
eu: eondition. Accept the
etudent's experimental re-
sults.

(3) Yes.

(4) Accept the stwdent's
exrerimz2ntal results. It
might depend on the correztion.
It ig more likely that the
rime of the glasses will
interfere.

(5) Since white reflacts
a mixture of all of th. colors,
white will be detected at
about the same position a3
wellow. Cften it will be
sean ac yellow in that
poaition.

(6) Examples are floun-
ders and chameleone. Thrinr
eyczs move independently.
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Equipment and Materials
(for two lab groups of three)

2 meter sticks

2 toy mechanical crickets
(one about 3 inches
long by 1 3/4 inches
wide 18 a good size)

60 sheets of graph paper

In this experiment stu-
dents are to compare their
reaction times to a visual
stimulus to their reaction
times to an auditory stimulus.

Students should see the
need to find an average or
mean _

X =2X
N

Sitmlarities and dif-
ferences among students as
well as limitations should
be apparent in these two
experiments.

The techniques of making
a histogram and frequency
distribution curve are intro-
duced here. These will be
covered in more detatil later.

Make two Pieron sticks
by taping a strip of cali-
brated paper to each of two
meter gticks. The paper i8
ralibrated in hundredth320f
uoconds by using D = %gT".

D i8 the diatance in cm;

j is the acceleration due to
gravity (980 em/sec?); T is
time in seconds.

C.5 - Experiment: VISUAL REACTION TIME

You have done or will do several experi-
ments on visual perception. T.i< c-periment
Qill also involve auditory perrpica. You
are to determine your reaction time to a visual
stimulus and compare it to your reaction time
to an auditory stimulus.

You will need three people in your lab
group. One student is the subject (S), one is
the experimenter (E), and one is the recorder
(R). After fifteen trials for the visual re-
action time, change roles and repeat the pro-
cedure for fifteen trials. Then again change
positions. Each of you will have then per-
formed each of the roles of S, E, and P.

Follow the same procedure for the auditory re-
action time experiment. It is suggested that
when you change roles, R becomes S, S becomes
E, and E becomes R. As E and S, you may become
tired and fatigue could affect your reaction
time.

Use the PierOn.sticks, which are meter
sticks with calibrated strips of paper attached
o them. These strips of paper are calibrated
in hundredths of seconds. Can you explain how‘

this calibration was done?
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Chodse a smooth-surfaced wall where you
will have plenty of room to work. The edge of
a cabinet, a door casing, or an outside corner
may be easier to use.

E places the stick against the wall at a
height where the .00 mark is convenient for S.
E holds the stick to the wall by the pressure
of his thumb. He aligns the stick vertically
at each trial.

S places his thumb about 1 cm away from
the stick with the .00 mark in line with the
top of his thumb. He supports his hand against
the wall.

E should say "Ready" about 1 to 4 seconds
before suddenly jerking back his thumb to
allow the stick to fall freely.

S watches E's thumb or the stick. When
he sees the thumb move or the stick start to
fall, he applies pressure with his own thumb to

stop the fall of the stick.

)
-

Some students may know 45

this formula and be able to
figure out how the cali-
bration was done. If not,
explain it to them 8o they
can undei-stand how we arrive
at the time figures given on
the paper.

The following pattern
when put together will give
you the proper calibration.

Copy this onto a strip
of paper and scotch tape it
to the meter stick as shown
with the highest time at the
end of the stick.

[_29
00
CALIBRATED ’
'STRIP OF ——
PAPER




) ’
15 ;Eig% E's HAND
.23 N
'29 o|4 9 \
22 13 jgéli
28 12 . } \
i ’
21 Y 1| S§s HAND
A0 L]
27 20 09
.08 FIG. C.1
d9 | |
26 -86 E reads the reaction time that 1s nearest
05
'8 in line with the top of S's thumb. Why should
. .00 the time be read from the top of the thumb?
.25 17 £ should vary randomly the ©.i::t of
time between the "ready" signal and %2 re-
6 lease of the stick. Why?
24 - R records for S. Record the visu:l re-
action time for each of fifte.i: tr1:" ..
The reaction time should After each has recorded 1i“ . en visual
Lo pead that its in line with
the top of the thumb since S reaction times, fin¢ your auditory reaction
slarted with the .00 mark in
that position, The time times.

~hould be read from the same
v forenen point each time.

The: experimer er should
vary the time between the
"roady" eignal and relcace
" the stick so tha: the
rubject cannot anticipate the
time of release.




C.6 - Experiment: AUDITORY REACTION TIME

The procedure is exactly the same except
the subject (S) is now blindfolded. E holds
the stick against the wall with a toy mechanical
cricket. E must place S's thumb in the proper
place each time, or place the stick so S's
thumb is in the proper place with the top of
the thumb in 1ine with the .00 mark. Again
the thumb should be about 1 cm from the stick.

E presses the stick against the wall with
the cricket. He should press hard enough to
hold the stick with the cricket. That way the
cricvat clicks only once. E gives the "ready"
signal and in from 1 to 4 seconds Jjerks the
crickat away. This causes the second ¢lick
to sound from the cricket anc allows the stick
to fall at the same time. E should practice
this a few times to develop the technique
se“ore testing S (hold the cricket with the
thum> on top and on. finger under the side).

As soor as S hears the click, he moves
his thumb to catch the stick.

E reads the auditory reaction t'me and R
recoris it for S. Record the times for fif-
teen trials.

When you have completed the fifteen trials
for 411 three students for both the visual and

judi*sry reaction times, take your own data and
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Equiprant and Materials

Same as C.5, except add

? blindfolds. These
could be made by covoring
the eye holes of Halloween
masks with black paper.

If more than cr- group
i8 doing the auditory reaction
time experiment, be sure that
they are widely s: arated.
One group might wcrk in an-
other room or the hall. The
blindfolded stude:: may not
be able to distingiish the
elick that i8 ment for him
from that which ig meant for
someone else.

If only tr.c groups are
working on thig, ore grou:.
could do the visual reacti.n
time part while *he - tier
group ie doing the auciicry.
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. 48 . compile it as shown in the following example:

VISUAL AUDITORY

Seconds | Frequency Seconds | Frequency
.04 0 .04 0
.05 n .05
.06 | 0 - .06 0
.07 0 .07 0
.08 1 .08 1
.09 0 .09 0
.10 0 .10 n
1N N 1 1
.12 1 .12 1
13 1 .13 RN

14 m 14 1
15 mm 15 n
16 1 16 0
17 0 17 1
18 1 18

By frequency we mean the number of trials
in which you got a certain reaction time.

In the above example, for the visual, if
you caught the stick in .15 seconds on four
different trials, the frequency for .15
seconds is 4. If you caught the stick in .16
seconds two times, then the frequency for
that time is 2.

Also add your data to the master sheet
that the teacher has prepared for the class.

) Add the proper number of marks (frequency) to
On a large piece of

paper, prepare a master each time column. Put these marks about equal
~neet for the elass as
vhoum In thic example: distances apart.
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~
cC

Vis. Aud. |
Reac.| Freq.| Reac.| Freq.
Time Time

.04 ! 01 1 114

. 06 / 08 | o4
08 Ly 08 |1y
.07 1.t 07 Lyupyg
.08 { .08

.09 m .09

) 10 YA . 10

.11 .11

.12 .12

.13 .13

.14 .14

.15 .15

.16 .16

.17 .17

ete. ete. ete,] ete.

As students finish, have
them add their data to this
chart. The center times may
have 50-100 marks. Allow
plenty of room. Have them
place the proper number of
lines (frequency) to each
time columm for both the
visual and auditory reaction
times. Ask them to put the
marks about equal distances
apart.

When they have finished,
you will have a histogran.
It should show the distri-
bution quite clearly.

Have volunteer students
make graphs, one a histogram,
the other a frequency distri-
bution curve of the vhole
class.

Also have a student find
the average or mean for the
elass from this information.

These can be uscd for
reference, comparison, and
discussion later.
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° Graph your results for both yisual and
S * ; auditory reaction times. Label the X axis
§§ 3 time in seconds, the Y axis, frequency. iIn
E: 2 " graphing your data you will get what is called
& J » a frequency distribution curve. You may make
ui two graphs on one sheet of graph paper, within
0 05 0 IS .20

TIME IN SECONDS the same area, by using a different color for

Students' graphs should
come out something like the
example above.

each curve.

With only fifteen trials,
however, the distribution may
not Lte this good. They may
only be able to see a good
distribution when the scores
of the whole class are
graphed.

Also the curves, indivi-
dual and class, may be skewed
to the left. They usually
will get higher reaction times
in the beginning but practice
will improve their scores.
Then again, higher scores
might appear as they become
fatigued near the end of the '
set of trials. With only
fifteen trials, fatigue may
not be such a factor.

In a distribution curve
cach time is graphed even if
the frequency is 0. The curve
should not be rounded. In a
histegram the center of the
bar is placed at the proper
iime like this:
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The experiments on reaction times are both In thie experiment stu-
dents will find that they re-

reliable and valid. If your reaction time was act more quickly to an
auditory etimulus than to a

faster than average in the experiment, it is " visual stimulus. They may

' find this quite surprising.

very probable-~if there is nothing to affect No questione have been asked
of them as to why this is

your reaction time--that you will react faster true so that results of the
experiment would not be

than average {n other situatifons. While revealed. However, after
they have all finished the

driving, {f an emergency arises, you probably - experiments, some discussion
as to why they got a faster

will be able to hit the brake faster than the audi*ory reaction time seems

' appropriate.

averageidriver. Again, this will not make you )
Since the two experi-

a good driver. There are too many other factors ments were done the same way
(except for the experimental
to consider, but the point to be made here 1s factor) and since light
: travels faster than sound,
that these experiments on reaction times are the answer would seem to lie
in the biological difference
valid. There is a useful relationship between between the eye and the ear.
the results of the experiment and some related We should not try to
give a simple answer to a
performance. very complex question. In

fact, the full answer is not
knowm. There is obviously
a longer transmission time
for the eye, but what part
of the eye or neural system
caugses thigs lag in time is

not known.
Exercises for Home, Desk, and Lab (HDL)
(1) Compare your graph for the auditory
v (1) Individual graphs
reaction time to the one for the visual re- will differ but it ig expected
.that the shapes will be
action time, similar, will peak near the
center and will be somewhat
a. Are the shapes of the curves similar? symmetrical. Again, with
such a small number of trials,
b. Do they peak near the center? this may not be evident until
the graph for the class is
c. Are they somewhat symmetrical? completed.
d. How does the range (the zmount of The range for the visual
will probably be greater than
spread of values) of one differ from that for the auditory reaction
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time. Most students
will get a better
reaction time for the
auditory stimulus.

(2) The shape of the
graphs should be similar.
The ranges and individual
scores may differ slightly
but there should be a simi-
lar general pattern.

(3) Students may want
to report the average.
X=%X
N

Since there i8 a range
of values (which shows up in
the distribution curve),
the average should come
elogcr to giving the most
pro>cble answer. However,
range is also important
since it indicates the limite
within which you perform.
The range givzs important
information--for example,
two people may have the
same average, but ome a
much larger range. This
would show the one to be
more erratic in behavior.

(4) Students should
recognize similarities and
differences here. The audi-
tory reaction time scores
should be smaller than the
vicual for all students.
Therz will be different
mean scores, but the dif-
ferences will probably not
be tno great.

the othér?
e. In which case would you think you )
would get a shorter reaction time?
(2) Compare your graphs with the graphs
from the other members of the class and with
the graphs ffom the entire class. What simi-

larities and differences do you see?

(3)
a. What was your shortest reaction time

for each stimulus?

b. What was your longest time for each
stimulus?

c. What was your average reaction time
for each stimulus?

d. Which ones should you report as your

reaction times? Why?

(4) Are your meén or average scores the
same for both the auditory reaction times and
the visual reaction times? Check your results
with others in fhe class.

a. Is the difference between your two

scores (auditory and visual) about
as great as that found by othe/s in
the class?

b. Are both your scores above the class
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mean? below? one above and one
below?

(5) Do you belteve that one can, on the
average, react faster when receiving a signal
from one sense than he can if he receives a
signal from another sense?

a. What evidence do you have to support

your belief?
"b. What degree of confidence do you place
on your evidence?

(6) What external factors might cause
the reaction time scores to fluctuate? To
what extent are these fluctuations predictable?
Can you think of any ways to reduce the
fluctuation?

(7) What are some internal factors that

may affect your reaction time?

(5) Thie experiment
should demonstrate that we
do react more quickly to an
auditory stimulus than a
visual stimulus. The evi-
dence the student should
have ies the data collected
in elass. He should place
confidence in this evidenoce
only if a large number of
people are tested and the
same results are obtained
in enough of these cases to
Jjustify the ocomclusion.

(6) Some things that
may cause the scores to
fluctuate might be (a) atten-
tion may be diverted or
someone watching may make
you nervous, and (b) human
errors in experimentation
such as mot dropping the
stick correctly or allowing
the students to anticipate
the release of the stiek by
dropping it after the same
interval of time from the
"ready" signal for several
trials. These fluctuations
are somewhat predictable
and ean be reduced by care-
ful experimentation. But
there are, no doubt, some
factors that are unpredict-
able and that we know
nothing about.

(?) Some factors that
may affeet reaction time are
learning, fatigue, drugs,
aleohol, lack of sleep,
nervousness, age.

Some studente may want
to compare the girle' scores
with those of the boys. Or
they may want to experi-
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ment to see if age seems
to affect reaction times.
Those who are interested
and have time may experi-
ment further. -

After completing the
set of five experiments on
the senses, use of the
mieroscope may be intro-
duced. Conceptually, work
with the microscope fits
the set of sensory experi-
ments, but because of the
detailed instruction required
by the teacher, the rmricro-
scope work i1 set aside as
a separate experiment. Av
introduction to the use of
the microscope like that
given in the BSCS Green
Versior Exercise 1.4, "Use
of the lMieroscope” (sectiors
A thrcugh I). seems ideal
at this time.

If the teacher uces
the microprojector, 8o
that ('.7 1e a demonstra-
tion, there is no need
to introduce microscopes
at this time.

When the students have
completed BSCS Green Version
Zxercise 1.4, the experi-
ment "Paramecia and Their
Speed" will demonstrate a
microscopie "illusion."

The paramecia appear to

move very rapidly across

the microscope field, but

an actual measurement of
their speed will show this
"tllusion" 18 due to sca.ing.
The paramecia actually travel
a very short distance.

Note: this may be done as
’ a derm »nstration
usir. 1 miero-

From materials you ha#e already studied,
you have seen that your senses are subject
to a sensitivity threshold, a time threshold,
and 11lusions. You have also seen that various
instruments or tools may help tc overcome
sensory limitations. Yet, even those instru-
ments that are most used to extend the senses
have limitations and lead to special illusions.
We will illustrate these 1imitations and

i1lusions using a microscope as a convenient

sensory extender.

C.7 - Experiment: PARAMECIA AND THEIR SPEED

Using a medicine dropper, remove a small
amount of liquid containing paramecia. Place
one drop at the center of a clean glass slide
and add a cover slip. Focus with low power
and adjust to obtain good contrast. Move the
slide around on the stage so that all areas
under the cover slip are examined. Notice
the movement of the organisms. When seen

under high power, do the organisms appear to
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projector rather than 5
move more rapidly or more slowly than when seen as an activity of the
entire class.

under low power? Guess how rapidly the
It i8 possible to grow

orqanisms are moving. Knowing the diameter of your owm culture of paramecia,
but it is probably mich
.the circular field of view and approximately easier to purchase them from
Carolina Btological Supply,
how long it takes a paramecium to cross that called Powell Laboratories,
in Gladstone, Oregor.. Powell
field, what is the speed of the paramecium? Laboratories also sells a
mized bacterial culture which
Contrast this speed with your speed of normal might be of interest because
of the variety of sises,
~alking by expressing both values in the same shapes, and speeds. If you
feel that there wtll be a
SRR 9 shortage of organisms for

your clase, you might place
a single drop of culture
upon the student slides
rather than have them do <it.

.2- Demonstration: SIZE AND WEIGHT The purpose of this
experiment 18 to demonsirate
In this demonstration volunteers will be the siaze-weight tllusion and

to ghow the need for extend-

ing our genses in termg of

meaguring weight (mass).

estimates of actual weights. ' This will introduce the study
of the equal-arm balance.

asked @7 judge relative weights and to make

Poke holes itn oppostte
stdes of the cans near the
top and attach the wire to
make handles.. The handles
shculd be exactly the same
on zach can.

Add veights to two
experimental cans until they
arc both exactly the same
weight (300 grams or more).
One can should be large,
such as a 2 or 3 lb. coffee
car. and one should be small,
such as a small vegethle or
Jrozen jutce can.

Since tn the experiment
on stze illusions the lengths
of the lines and diameters
of the circles were all
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ajuul, students might suspect
that this will be true again
and that the wetights will be
equal. It is suggested that
you use, as a control, two
cther cans of different siszes
and obviously different
weights. For example, a 1 lb.
coffee can with 350 grams of
wveight and a vegetable or
frit can with 50 grams of
wetght could be used. In

the discussion the results
and figures given for these
may be disregarded, but the
reason for using the control
should be explained.

Ask four or five students
to judge the relative weights
of the cans (both the two
sontrol cans and the two ex-
perimental cans). They are
te Jz2eide which of the two
cans 18 heavier and about
how many times heavier.

Also have them make estimates
of the actual wetights of each.
In case the results do not
show the size-weight tillusion
consistently, the estimates
of weight wtll probably vary
a great deal which wtill

still demonstrate the need
for a balarce.

Be sure to gtive the
following instructions to
the students before they
star.:

(1) Lift two cang at
a time (the two controls or
the two experimental cans).

(2) Lift them the
came way by hcoking one
finger under the wire.

(3) Watch the cans
¢losely and do rot allow
them to swing. (Swinging
the eans gives other clues.)
Having them do this also
keeps them looking at the



{xe-cises for Home, Desk, and Lab (HDL)

(1) a. Do you think being able to
se2 the cans will help or hinder
th2 students in making their
judgments of weight?
b. Fow would you test your

hypothesis?

(2) Do yo: think the students would make
‘\attar judgments if they had a known weight

wit% which tec nupare the unknown ones?

cans which t8 important in 57

getting the siae-weight
illustion.

(4) Answer the follow-
ing questions:

(a) Which can 18
heavier?

(b) How many times
heavier (express as a ratio)?

(c) About how much does
cc2h can wetgzh?

(5) Write ycur decti-
2ions or a piece of paper.
Lo rot make the answers
xrcum until all of the four
¢r five students have made
a Judgment so that one stu-
de1t's 'eciaton will rot be
inluerved by ancther.

tefore making the deci-
atons rlovm, colleet some
dut1 te try to answer the
strdent questions.

Reneat the experiment
c.artiy except trats tume
blivdf ld the four or five
ctudents.

£Agcin repeat the cxperi-
me::it with four or five stu-
denits, but this time allow
them to use a knowm weight
ac a cormparison.

After all of the data
are coilected, put it on tuc



58 bourd in some systematic
form. For example:

DATA FOR 2 SXPERIMENTAL CANS
i ! Times *Actual Estimates (grars) |
Group 1 Student Heavier ! Hgavier Small Can Large Can
1 Small 1% x l
2 Small 2z
3 Small Slightly
4 Neither Same
Blind-
folded
Student

1 Small
2 Large
3
4
Group 3 Student
Using
Compar-
itson

1

to

Group

2
3
4

*Sinez moct students
will give estimates in
pounds and ounces, convert
these to grams (454 g = 1 lb).

Place the cans on the
platform balance to prove
to the students that they
are equal in weight. Give
the actual weight.




(3) Examine the data on the board. Are

there any conclusions ynu can draw from these

datars

a.

In the first trial did the volun-
teers consistently judge one of the
cans heavier than the other?

If so, how might yru account for this?
In the second and third trials, did
the volunteers consistently judge on:
can heavier than the other?

iry .0 explain any similarities and
diffcrences in the judgments of the
three as to which can was heavier.

Is there any consistency in the judg-
ments as to how mich heavier or in
the actual estimates of weiqght?

Jid wne grouy definitely make better
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Fyuipment and Materials

2 cans, one a large can
such as a 3 lb.coffee
can, the other a small
one such as a froaen
fruit juice or small
vegetable can

2 cans, any s8i-es (to be
used as the control)

4 pieces of wire about 30
em long (for handles)
200 g (about) of weights

to weight eash can

Single beam platform
kalor e

Riind;c-

b.“i t;l L
ecveres

’Hallcween magks
¢ue holes
* blaex paper)

(1-3) I. ic¢ rxpected
that the foil .win_ =onelu- -«
asione 2un be arcun from thc
uata:

(L-') In ¢ b fi a8t f‘I'i.’ll
the etulents will gudae the
~uviller one to be heavier,
Thia ie the size-weiznt
tllusicn, which seems (o
recult from our ezperience
wiith (iLf nect knowledge of)
nensitu. A person, althenuzh
ueed to Judpe weicht, scims
to take demeity unic aceciait
cd the denstty of the smacier
sn. 1T 'miet grenter.

(1;) [Fecause cof the sr.ze-
werzht 1llueion, the blind-
folded students sheuld do
b ~ter in their judgments of
wrien 1o heavier. Ints will
not reaecssari’y be true foo
tne third groar. althougr
che tllusion will s:111
. 8t.

(2) The estimatas of
"how mary times heavicr' and
tne actual estimates of
weicht will probably vary a
grrat deal. Protably nc
naittern will be arparswt cl-
Lrougr grour thece shouli dp,
mach bettar on the cctua.
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estimates of weights., Our judgments than the other groups?
senses are much more accu-
rate when we are aZZOwed If SO, try tO eXp]a“n Wf\)’.

to make comparisons.

(4) If the students

reach the conclusions that - (4) What degree of confidence !0 you have
are listed here, they could ‘

find support for them in psy- in the conclusions you made?

chology books. But they

should be reminded that psy- a. What factors can you think of that
chologists have done thousands .

of experiments to support might have caused you to draw a fauity
their conclusions. Here we

have a very small sampling, conclusion?

not really enough to draw
conclusions with any great
degree of confidence.

Some errors may have
been introduced. For ex-
ample, some people, through
experience, can make better
Judyments of weight. In
using different students, ic
is possible that one group
had more students capable
of Judging the weights more
acaurately.

Students may think of
other errors that could have
been introduced.

(5) The idea of weight

and mass can be introduced. (5) Are the weights of the ¢::s constant?
Masc 18 constant but weight

ig not. It depends on the That 1s, w-uld they weigh the - .me n. matter
pull of gravity which varies

from place to place. For where you are?

example, the cans would
oigh more in Portland than
tr.. would if you were on
top of Mount Hood. Because
of the difference in ele-
vaticn, Portland is nearer
the center of gravity so

the pull of gravity against
the cans would be greater.
On the moon the cans would
weigh much less. (It should
be pointed out that if you
use an equal-arm balance,
there would be no difference
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(6) How accurate vere the estimates of

actual weight?

Is there a need here to use a

tool to extend our senses? What would he used?

Questions for Further Study and Experimentation

(1) Students were asked to 1ift the

cans by hooking one finger under the handles.

was this really important? Lift the two cans

by placing them on the palms of the hand. Lift

them with one finger under the handles. How
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would be equally affected.)

(6) It ig hoped that
students will see a need to
use a balance to extend their
genses.

At this point, introduce
the metric unit of force, the
newton. A newton i8 an ex-
pression of Kg m/sec? as you
can gsee when you use the
forrmula, F =mg. F is a
force (newton), m is a mass
in Kg and g is meters/sec?
(9.8).

It i8 not necessary to
gtve a lengiiy explanation
of the formula to students,
but since scientists would
estimate "heft'" in terms of
newtons, have them get the
feel of the amount of pull
of a newton (they have esti-
mated in grams and pounds).

If you have a newton
spring scale, hang a Kg mass
on it to show the relation-
ship. (If you don't have the
newton spring scale, calibrate
a regular spring scale.)

Then have students estimate
the number of newtons in the
cans.

(1) If the student
lifts the cans with the ralms
of his hunds, he will find
that the smaller can secms
to be much heavier thui th-
laryjer as compared to lift-
ing them with the fingers.
This 18 because of the
weight distribution. To
eliminate this factor, he
could place equal size
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hoards und..r the cans.

(2) Students could ex-
periment to see if their judg-
ments are better when allowed
to cwing the cans. Their
estimates should be better;
they get some additional
kinesthetie clues.

Fquipment and Materials

gow lbuys

pant or tray for each group

paper towelling

di sk lamp for each group

colored cellophane--several
colors

eardboard

A good resource would be
"Imateur Scientist", Scienti-
[7¢ American (May, 1967).

The teacher may wish to have
differcnt groups of students
doing different sections of
this rxercise an? reporting
back: to the entire class.
Thig 13 an excellent exercise
for writing reports.

T'he little isopods called
cow runs or ptll bugs, so
ecmmon under boards and in
motst littcr, are organisms
whieh recpond demonstrably
to ti~ir environment. They
ar: cheap to maintain, re-
qulre little attention, and
arm not odorous.

I gqathering biological
Jdita, me gort which seems
to i fairly interpretable
Te tie ettier-or type. In
'L case an organism does
somehing or it doeg not.

do you account for the difference? If you had
no handles for the cans and had to Tift them
with the palms of the hand, what should you dn?
(2) Would you be able .o make better
Jjudgments of relative weights if vru were

allowed to swing the cans back and forth?

D. Experiment: RESPONSES OF SOW BUGS

We have been studying human observation
and its limitations. How do other organisms
respond to external stimuli?

Sow bugs are crustaceans. They are one of
the few branches of the family tree which now
live on land. Like other crustaceans, they are
gill breathers and require a fairly high level
of moisture in the environment (air) to survive.

Into a large pan or enamel tray place a
piece of paper towel whizh is moist. In some
other part of the pan or tra;, place a piece of
paper towel which is not moist. T'e pieces
should be some distance apart. Pilace the sow
bugs allotted to you between the pieces of
towel, and at approximately 30-second intervals
record t' » number of sow bugs on the tray, the
dry towel, and the wet towel.

Can the sow bugs find water? Must they

touch it to know it is there?
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Set up a large tray with a desk lamp over
it. Place the allotted sow bugs in the center
of the tray and map their movements over the
surface of the tray.

Describe their placement on the tray at
the end of 3 minutes. \Are they randomly
distributed, bunched or other?)

Place tne trénsparent and one opaque
shelter (ea:h 2" x 2" x 1/2") in the tray.

Let the flaor of the shelter be the preferred

type (plain pan, dry towel, moist towel). Put
- the sow bugs on the tray between the two Shel-
ters and record their positions as in the

earlier phase of this experiment.

Can the sow bugs detect 1ight? What is
their response to 1ight? How would you pro-
ceed to find out which color of 1ight the sow
bugs can see and which ones they cannot?

Discuss an experiment to test for re-
sponses to temperature. Do you think that
temperature was an uncontrolled factor in. the
part of the experiment that tested their 1ight
responses? Explain. Describe the habitat you

would expect sow bugs to favor.
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The culture may be main- 63
tathed in a coffee can with
some litter (dry lecaves, soil,
ete.); enough water to make
it slightly moist (not wet
enough to be able to squecze
water out of it like a sponge);
and a little food (a slice of
potato, apple, or carrot).

Poke a few small holes in the
lid of the coffee can for
ventilation. If there is
not enough moisture, the sow
bugs will die tn a fev hours.
Most school rooms are rela-
tively ry, and this may
present a problem.

There ts a good opror-
tunity to expand the exer-
cise using other inverte-
brates and/or a battery of
other possible stimult.

If the students do nct
think of tt, the teacher may
suggest the use of differentl;
colored cellophane shelters.

Yes, the desk lamp
gave off a great deal of necat.

Cool, moist, and dark.



TN
SECTION

ROUGH
TIME

ESTI-
MATES

EXPERIMENTS

DEMONSTRATIONS

TEACHING AIDS

OTHER STUDENT
ACTIVITIES

QUTSIDE READING

PROBLEMS

pages
&)

Portland Project
1-A

Measuring and
counting

Days

]

A1 Systems and
units of
counting

A.2 Distance
mass and time

34,0

A.3 The
scalene
triangle

A& Uncertain-
ty associated

with measure-

ment

6,/

A.4.a Uncer-
tainty asso-
ciated with
instruments

A.4.b Human
uncertainty

A.4.c Un-
certainty due
to changes
within the

{ system

A.5 Range of
uncertainty

89

A.6 Place of
the uncertain-

ty

0.0 |

A.7 Rounding
off to the
correct place

12

AP 8 Propaga-
(ERICon of errors
o

IToxt Provided by ERI

9

94



e vt

ROUGH ?EXPERIMENTS DEMONSTRATIONS | TEACHING AIDS | OTHER STUDENT | OUTSIDE READING [PROBLEMS
TIME | ACTIVITIES
ESTI-
MATES
1ificant
o L 13
lding
ant
b-
J
cant
1ti-
and
) sig-
f
ienti-
ation 4, 17
ck to
lene
om events! 3 B.1 Mass
Days |of sow
bugs
B.2 Coin Film -
flipping “Random
Events"
(PSSC)
aniza- .1 Classi- A
fication
and organi-
2ation
.2 Classi-

fication of

leaves

1]

S9

96



TEXT "ROUGH ~ EXPERIMENTS lDEMONSTRATIONS TEACHING ALDS | OTHER STUDENT | QUTSIOE READING PROBLEMS
SN TIMg | ACTIVITIES
STl | | pages
MATES, | ; 9%-1%
S — A *
0, Classifics- | |
tionand - |
Genization
0.1 Visual (olectian
| observation | of identified
. metals
— LR
0.2 Preluge |
to density
0.2.a Volume D.2.b Vol 3,8
ume of a
s0lid
D.2.c Mass 5 | Fimoop
Days | "Neighing
| with the
triple beam
balance”
D.2.d Mass
D.3 Density D.3.a Density H.D.L. 4,5, 1,2, 6
by qraph- 13 5,9, 10
ical method n, 12

99

08



T

ROus

T
)

“KPERIMENTS

’DENONSTRATIONS TEACHING AIDS | OTHER STUDENT | OUTSIDE READING | PROBLENS
SCT T ACTIVITIES
ESTI- |
MATES |
T~ e
0.4 Jthep |
physical
properties
D.4.a Freezing
and 1:21ting
T T 0 Behavd
ior of
solids on
Warming
¢ | D
Days | Freezing
and melt-
| ing curves 14, 15
D.4.d
Hicronelt-
ing point
D.4.¢ Boil-
ing point
determing-
tion
(optional)
D.5 Solubili-
ty

L9



39

T
i

e
it (ROUET | ZXPERIMENTS DESONSTRATIONS | TEACKING AIDS | OTHER STUDENT | QUTSIDE. READING| PROBLEMS
SeCTION TINE | ACTIVITIES
ESTI-
MATES '

=

- e s

D.5. Classi- .
| fication by | ;g, 17,
| | solubility

0.5.b Temp-

| | erature ver-
| SUS 501u-
bility

0.5.¢ Effect

of tempera- 8 |,

| | ture on sol-
| ubility
(optional)

0.5.d Effect
of tempera-
ture
(optional)

0.6 Flame
test for 19, 20
classifi-
cation

Days

0.6.a Anal-
ysis of A
colors |

e 102

Full Tt Provided by ERIC.




RougH ‘"EXPERIMENTS DEMONSTRATIONS | TEACKING AIDS | OTHER STUDENT {QUTSIOE READING | PROBLEMS
SECTION TINE ACTIVITIES
| ESTI-
" MATES
0.7 Organizing
and retrieving
data
D.7.2 Building
a punch card memory
memory
3 | 0.7.b Pre
Days | paring a
deck of
cards
D.7.c lden.
tifying un- }g‘ M.
known con-
pounds

69

104



874

TENT ROUGIE  CXPERIMENTS  DEMONSTRATIONS | TEACKING ALDS | OTHER STUDENT | QUTSIOE READING | PROBLENS
SECTION - TIME | s ACTIVITIES
. STl
‘ MTES
|
£ Comunication B Oral
y ' communica-
o L1 tion chain
| j ‘

[

| o
{ |

; -

| .
PSS S M

3] B2
| Days + Communi-
| L cating
S S
|
o
bttt =t - | — 1--
£.3 Observing | T
a systemas 3 1 :
scientist \
| -
: ! ’
! o
e - +
L Ed Test:
{ ‘ The sow bug
I

IToxt Provided by ERI

[ERIC 106




Chapter II: MEASUREMENT, DISTRIBUTION,
ORGANIZATION AND COMMUNICATIGN
A. MEASURING AND COUNTING

We have stressed the use of instruments
as aids in extending our senses, but is there
a limit to our sensory aids just as there are
limits to our senses? As we might expect,
every measurement does indeed have some
uncertainty.

To begin a study of the nature of mea-
surement, a problem should be proposed that
requires some kind of measurement for its
solution.

Which of the shaded areas on the next
page has more area? Even more specifically,
what is the ratio of area B to area A?

A quantitative answer is needed. You
should be able to say some<hing like, "I think

the ratio of B to A is 1.5/1.0.' What ratio

did you get? What method did you use?
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Suggested references for
section A:

Woodruff, Bobby J., Terms,
Tables, and Skills for
the Physical Setiences,
Silver Burdett Co.,
1966, Chap. 1-3. '

Tilbury, Glen, Problem
Solving in Chemistry,
Lyons and Carnmahan,
1967, Chapter 5.

Cotton, F. Albert and
Lawrence D. Lynch,
Chemistry, An Investi-
gative Approach,
Houghton Mifflin Co.,
1970, Chap. 2.

Toon, Ermest R., George
L. Ellis and Jacob
Brodkin, Foundations
of Chemistry, Holt,
Rinehart & Winston,
1968, Chap. 2.
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One method that can be used is called
square counting. Lay a piece of graph paper
on top of the shaded figures and trace their
outline. (Né want the shaded area only.) Now
count the squares within each. In this way we
can find each of the areas. To get the ratio
of area B to area A, divide the area of B by
the area of A. Try it.

On graph paper with squares 1/10 of an
inch on a side, there are 592 squares in A and
666 squares in B. This means the ratio of
B/A is 1.13/1.00.

Now let's examine what we have done. We
chose a certain sized square and counted how
many fit into the odd-shaped areas. This leads

to a very important principle: all measurement

is cbyﬁting. In measuring anything, we choose
a basic unit and ast h¢. many of the basic
units will fit into t:c object being measured.
A.1 - SYSTEMS AND UNITS OF COUNTING

Suppose we had used a kind of graph paper
which had larger squares. What difference
would this have made? We could have found a
lower count for both A and B, but they would
have been lower by the same factor. For
example, if the squares had been twice the

area, the count for both A and B would have
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been one-half the original count. The actual
ratio of the areas would be the same no matter
what size squares were used. However, dif-
ferent ratios may appear {n instances where

the squares differ in size, especially 1f some
people count squares which are partially

filled while others count only those completely
filled. We could have employed a different

system of measurement with a different basic

unit, but our conclusion would remain unchanged.

Unfortunately, several systems of measurement
such as the metric system and the English
system are in use today. This makes the job
of understanding the universe a bit more com-
plicated thar it might otherwise be.
A.2 - DISTANCE, MASS, AND TIME

Although man has made many sophisticated
measuring fnstruments, he fs still besically
able to make only three measurements. These
measurements are:

(1) measurements of distance [L],

(2) measurements of mass (M), and

(3) measurements of time [T]
A1l other measurements are combinations of
these three,

For'example, the measurement of area that
we Jjust described is a combination of measure-

ments. Area 15 length multiplied by length,

O
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Perhars students wcuid
enjoy looking for other
"historical” systems of
meagurement.

If time i8 availabl-,
they miykt create their owm
2g3tem.

I.: computer ueage,
numrera ending in 5 are
rourded to the closeat even
rnwn ¢r.,

)

w3, 4 and 5 g0 sith
tiiie peotion,

Temrerature 178 sre2ial;
it ‘s Paetealiy a mecour~ of
the motion c¢f meleculee, to
derivation in terme of mico,
tire, and d.otance te much
w00 complivated for the atu-
dent at this time.
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therefore expressed as L2, In fact, area is

always some factor multiplied by length times

length. The area of a triangle is equal to

the factor "1/2" multiplied by length (the

base) multiplied by length (the height), or, in

equation form, 1/2b x h. What is the factor in The factor is "4r ".
the equaticn for finding the area of a circle?

If we analyze the arfangement of these
three basic measurements, we say we are doing
a dimensional analysis. For instance, you
have found that the dimensions of area are LZ.
What are the dimensions of volume? As you are igf dimenaions of uolune
know, the room you are in has three measure-
ments. They are height, length, and width.

But all of these are really one dimension --
i.e., distance.

The analysis of dimensions can be a power-
ful tool in problem soiving. If you are trying
to determine volume and your answer does not
have the dimensions of volume, L3, your answer
is obviously wrong.

In the metric system, the basic units are
seconds for Lime, meters for distance, and

kilograms for mass. This system is often

referred to as the MKS system.

A.3 - Experiment: THE SCALENE TRIANGLE Eﬂ',fpmgnt, and Haterial
Carefuliy trace ¢round the aluminum Py 3 alwminwm (e ctocp
, vigid material) patterma of
triangle given your group by the teacher. a gealene triangle - ail
alike.

11l




Figure A.3

To avoid confusion, be
eertain®to use a triangle
whose altitudes all fall
within the triangle as
in the sample above.

An easy way to construct
altitudes on their tracings
of the scalene triangle tis
by sliding a sheet of paper
(anything with a right angle)
along each base unttil its
perpendicular bisects the
opposing apex.

The student probably will
not get the same answer he-
cause he i8 not careful about
hic meusuring technique and
will give his answer to d
ridiculous number of 8ignifi-
cant figures.

It is called a scalene triangle because it has
three different bases and heights. Label the
three points of your drawing A, B, and C and
consider the heights to be hy, hp, and h¢, as
in the adjoining figure. Calculate the area
of the tracing using base AB and hce. Make
your distance measuremgnts and give your
answers using the basic units of the MKS
system. Calculate the area of the triangle
using the base AC and the height hp. Finally
calcu]éte Fhe area of the triangle using

base BC and hy. Did you Qét the same answer
all three times? Why? Perhaps the trouble
lies in the way you made your measurements.
Keep your data and tracing for the scalene
triangle for later; you will want to refer

to it.

A.4 - UNCERTAINTY ASSOCIATED WITH
MEASUREMENT

You have made ﬁany measurements while
doing the exercises and experiments associated
with this course. After working with the

scalene triangle, you very likely realized as

_you did in section I.4a that there was some

uncertainty associated with every measurement
you made. You have discovered one of the
major problems all scientists have: no

measurement is exact. There 1s some
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uncertainty associated with every measurement.
It follows that science is, to some extent,
uncertain. It is the extent of this un-
certainty that is of {nterest to us now.
A.4.a - UNCERTAINTY ASSOCIATED WITH INSTRUMENTS
We can begin our search to find out why
our answers for the area of the scalene triangle
varied by analyzing a linear measurement.
Imagine that a professional scientist is inter-
ested in determining the area of a scalene
triangle similar to the one we worked with.
The picture below is a representation of what
the scientist sees as he measures the base

of his triangle:

\\\\
.
N\

>~

— A T T T 1
I3 14 15 16 17 18 19 20 21 22 23 24
02 cm. ot 20°C

Figure A.4

Notice that the rule is marked plus or minus
0.2 cm when the temperature is 20°C. This

means the rule may be longer or shorter than
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HDL #6 and 7 go with
this section. You may want
tc assign "parts” of 6 and
7 as the student proceeds
from here to the section,
"Range of Umcertaint,."
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A aurvey of "Like" in-
struments will give a range
Sdeviation,  Glso, manu-

fasturers ! catulogues often

atve tolerances,

we think it is. Any reading may be 0.2 cm
longer or it may be 0.2 cm shorter. The manu-
facturer of the rule guarantees the rule is
never off more than 0.2 ¢m in either direction
if fhe temperature is 20° C. Here then is a
clear indication of one of the major sources
of uncertainty -- instrumental error. Every
instrument has some error associated with it.
Unless the instrument is quite expensive, it
usually does not have the plus or minus (%)
engraved on it. Some of the typical uncertain-
ties associated with instruments found in most
science laboratories are listed in the

following table:

Instrument Typical Uncertainty
Triple-beam centigram balance +0.01 g
50 ml graduated cylinder + 0.2 ml
Platform balance +0.5¢
50 ml gas measuring tube +0.02 m
50 ml buret foo2m

In some cases {f you cannct find the un-
certainty of the instrument you wish to use,
you will have to make an intelligent guess.
Your teacher may be able to help you make this
guess.
A.4.b. - HUMAN UNCERTAINTY

If the scientist knows how to read his

rule, he will begin by mentally dividing the

1id
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smallest marked division into tenths. This

means he will read thts particular rule (FIG.
A.4) to the nearest 0.1 cm although ft is mark-
ed to the nearest centimeter. Keeping alert

to anything that might deceive his senses, the
scientist makes his reading. He reads the
length of the object as 20.3 em. He would not
stop there, however, because he s not

finished with the measurement. He would say
to himself, "I may be off as much as 0.1 cm

in my reading because I mentally divided the

smallest di.ision on my rule into tenths.
Therefore, my human uncertainty may be as
much as20.1 cm." This type of uncertainty
associated with measurement is called human

error.

A.4.c - UNCERTAINTY DUE TO CHANGES WITHIN THE
SYSTEM

Can you think of any way the triangle
might be changed because of the measurement?
Perhaps the scientist holds the aluminum
triangle in his hand an4, as the result of a
heat rxchange, the triangle changes size.
“arhaps the rule is much warmer than the
ohject; as a result of contact, the object
changes. In this partizular measiurement the
error due to ¢ change within the system would

be very small--so smal’, in fact, that the
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The Heisenberg Uncertain-
ty principle becomes important
when objects are very small
and energies are very great.
For example, to determine
the stze of an eleatron, one
might try to bombard electrons
with photons of proper wave-
length., Very small wave-
lengths mean very high energy
photons. The result would
be analogous to trying to
get a ptcture of a small
sports car by bouncing a
large truck off of i1t. Many
attempts at measurements on
living systems are subject
to thig type of error.
Polugraph tests are another
erurple. The use of the
prolyraph on the subject may
~xelte him as much as any
iverlninating question.

iD5 #8 and 9 go with
thic cection,

scientist would say it was negligible. He
would assign ¥ 0.0 cm for this error.

You might -think this category of error is
not a major category and should itself be
neglected. If we hake measurements of ordinary
objects, this category usually can be neglected.
There are systems, however, where the process
of measurement disturbs the system suffi-

ciently to cause sizable errors in measurerment.

A.5 - RANGE OF UNCEKTAINTY

The three categories of error, then, are
human error, instrumental error, and error
due to change within the system. In the ex-
ample used, the scientist assigned a * 0.1 cm
uncertainty 25 his human error. He assigred a
1 0.2 cm for the instrumental error ané a ¥ 0.0
cm for the error due to change within the
system. The scientist's reading was 2.3 cm.
what final uncertainty should he assign to
his reading? Before we can answer this ques-
tion, we must think about the maximum smount
the reading may be off. It is obvious tha*
*he scientist must add the human error, the
instrumental error, and the error due to

change within the system. Therefore, the
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scientist tabulates his reading as 20.3 ¥ 0.3
an. The range of uncertainty is 0.6 cm, be-

cause the scientist is saying the actual length
Measurements within this

of the object 1{es somewhere between 20.0 cm range have a high level of
confidence. Conversely,
and 20.6 cm. ‘measurements outstide this

dubious.
A.6 - PLACE OF THE UNCERTAINTY range are very dubious

As you probably recall, we have names for HDL #10 and 11 go with
" this section.
the positions digits occupy in numbers. For

example:

HUNDREDS
TENS

ONES
TENTHS
HUNDREDTHS

In our previous example, 20.3 * 0.3, the place
of the uncertainty is the tenths place.

As another example, 168.9 * 0.3 cm poses
an “~teresting problem. The number 168.9 plus
0.3 is 169.2. Does this mean the place of the
uncartainty is the ones place? Mot at all.
The piace of the uncertainty 1s still in the

ten-hs place.

Ao, - ndUNDING OFF TO THE CORRECT PLACE
aten scientists comnunicate quantitatively,
it i< generally accepted that the uncertainty
is rounded off to the largest place having a HOL #12 goes with this
geaiion,

digii. In this case z.rn is not considered a

dic’t., Tor example, in the measurement 102.73
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(1)
(2)
(3)
(4)
(5)

420420 miles
6590+£10 m.
1.271+0.07 cm.
500+t100 sec.
50,000£100 Kg.

HDL #13 goes along with
thic section.

+ 1.68, the uncertainty (1.58) is rounded
off to the ones place and therefore becomes 2.

It is also generally accepted that the part of

‘ the measurement that comes before the uncer-

tainty is rounded off to the same place as the
uncertainty. The measurement 102.73 t 1.68
becomes 103 * 2 when rounded off properly.
Before you read any further, round off the
following measurements to the proper place.

(1) 421 t 22 miles

(2) 6591.2 t 12 meters

(3) 1.269 * 0.068 centimeters

(4) 500 * 100 seconds

(5) 50,000 + 100 kilograms
Check with your teacher to be certain of your

answers before you continue.

A.8 - PROPAGATION OF ERRORS

What happens to this "plus or minus" when
you add, subtract, multiply or divide? The
propagation of errors is too large a topic for
exhaustive coverage here. We will learn a
simple method accepted by most scientists

called "significant figures."

A.9 - SIGNIFICANT FIGURES
Significant figures are the digits that
are certain plus one more. The measurement

20.3%0.3 has three significant figures. We
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are certain of the tens place and the ones
place, but we are not certain of the tenths
p]aée._ The uncertainty lies in the tenths
place. Expressing this number using signi-
ficant figures, we write 20.3 Determine the
number of significant figures in the following
measurements and express them using the proper
number of significant figures. You may have
to round off some of the measurements first.

(1) 251 * 1 kilograms

(2) 6532.00 * 0.04 grams

(3) 500 ¥ 10 seconds

(4) 500 * 1 centimeter

(5) 4.0002 * 0.00149 square meters

A.9.a - ADDING SIGNIFICANT FIGURES

When you add or subtract measurements, the
number of significant figures in your answer
is determined by the largest place where there
is uncertainty. In the following example, the

digit that is uncertain is enclosed in a box.

Keeping in mind that significant figures are
the digits that are certain plus one more, it
is evident there are four significant figures

in the answer. The answer rounded off and
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(1) 251

(2) 6532.00

(3) 500 (thie should
bother the "good"
student. How do
you write 500 using
significant figures
when it ig ''good"
only to the tens
place? Seientific
notation comes later.)

(4) 500

(5) 4.000
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84 expressed in significant figures is 733.4.

Try the following problems and check them with
your teacher before you continue. Round off
your answers and express them fn significant
figures.

(1) 569.321% 0.01

(1) 1¢f° 2.0009%0.0001
1030 ¥2

(2) 49.80 t 0.03
(2) 50.80 1.000t 0.001

A.9.b - SUBTRACTING SIGNIFICANT FIGURES

As in addition, the number of significant
figures in the answer is determined by the
largest place that has any uncertainty. For

example,

The proper answer, rounded off, is 23.9. Try
the following problems and check with your
teacher before you continue.

(1) 903.005 (1) 973.009
- 70.004

(2) 489.00 +
(2) 523.0013 I 0.0235

- 34.00298 * 0.00069

A.9.c - MULTIPLYING AND DIVIDING SIGNIFICANT
FIGURES
IIDL K16 and 17 go along
with thia seetion. When you multiply or divide, your answer

should have no more significant figures than
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the smallest number of significant figures

originally available. For example,

156 (three sig. figs.) 89453 (five sig. figs.)
365 (three sig. figs.) 111 (three sig. figs.)
780 89453
936 89453
468 89453
56946~
56,900 (three sig. figs) 9,930,000 (three sig. figs.)
1943.1 (five sig. figs.) = 92573 930 (two sig. figs.)
2.1 (two sig. figs.)

Try the following problems and check with

your teacher before continuing.

Multiply:
(1) 269.4 t 0. (2) 1000.¢c ¥ 0.1
16.2 * 0.1 1.0 ¥ 0.1 (1) 4360 three sig. figs.
(2) 1000 two sig. figs.
Divide:

(1) 569.129 * .02 = (2) 4838.2t .1 =
T0F.T

£9.001 T .005 (1) 8.2481 (five sig.

figs.)
(2) 4800 (two sig. figs.)
A.10 - SCIENTIFIC NOTATION sig. figs

Unless we always attach the uncertainty
to the measurements we make, it is difficult HDL #14-17 go with this
to convey to another investigator just where section.
the uncertainty lies. For example, if we see
the = mber 46,000,000 we cannot tell whether
the uncertainty lies in the ones, tens,
hundreds or thousands place.
To eliminate the coanfusion, we use a

simple method which leaves no doubt as to the

nroner number of significant figures. This
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g6 simple method is called scientific notation.
We all know the decimal point moves one place
to the right every time you multiply by ten.
We also know the decimal point moves one place
to the left when you divide by ten. To express
a measurement using scientific notation, the
recorder simply writes the proper number of
significant figures, puts the decimal between
the first and secénd digit, then multiplies or
divides by the proper number of “tens" to make
the measurement as large or small as it
actually is.

For instance, if the recorder wishes to
te1l the person who reads his report that the
measurement is 46,000 good to three significant
figures, he simply writes 460, then puts the
decimal point between the first two digits
(4.60) and multiplies by the proper number of
"tens" to make the number as large as it
actually is (4.60 x 10%).

ilow can we express the measuremert
7.0000549, shewing only three significent
fiqures? Write 542 and then put a decimal
hetween the first oid second diqit (5.49).
“1nally, we wauld divice by the proper number
of "tens' (.49 x 1C72). Write the follcwing
measurements Jsing scientific notation. (You

may have to round oif to the correct place
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first.)
(1) 1078 % 1 cm
(2) 19,000 I 10 nilec
(3} 0.0261 % .0
{~} 0.000018 ¥ ©.000002
(5) 1.25 % 0.0%

A.11 - BACK TO THE SCALENE TRIANGLE

By now you probably realize some of the
inadequacies of significant figures. One that
is very apparent is the lack of a ranye of
uncertainty. Wher measurements are expressed
using scientific notation, we are never certain
about the range of the uncertainty. Neverthe-
less, significant figures are very useful ir
communicating the place of the uncertainty, and
knowing the piace of the uncertainty is usually
satisfactory.

Refer back to the data you collected when
you tried to calculate the area of fhe scalene
triangle. Refer back to the section on instru-
mental and human error and error due to changes
within the system. Assign a range of uncertain-
ty ¢o each of your measurements, then round
them of f to the proper place. Now express
them using scientific notation. Finally, re-
calculate the area of the triangle from the

three sets of bases and hefghts using only
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) 1oong a0t
() 1.000 x 107
(3) & x 10-Y
(4) 1.8 x 10°°
(s) 1.25 x 109

Notice there is no
attempt to explain the "best"
answer at this time. Interest-
ed 8tudents might refer to
a paperback, by W. J. Youden,

Erw_rimglﬂd.
Measurement (Scholastic Book

zeasurément
Services, 1962 NSTA).

List the students' re-
sults on the blacktoard.
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The digits that are cer-
tain will be the same in all

©cases.  The vartance in the

wuncertain place 18 under-
ctandable because the last
place written 18 uncertain.

(1) Statements () and
(d) are quantitative deserip-
tions,

(") No, hic friend is
y ot scrract, Locause the re-
facion o uheip helghts re-
m1‘ve the care no matter
what system of measuremant
is applied. Therefore, the
ratio of their hetghts would
feo the same,

significant figures. Are those digits that
are certain the same in all three cases? If
there is some variance in the uncertain place,
is this understandable? Remember, significant
figures are all the certain digits plus one

more.

Exercises for Home, Desk, and Lab (HDL)

(1) Observation is made of a burning
candle. Which of the following can be
considered quantitative descriptions?

(a) The candle gives off light and heat

as it burns.

(b) The top of the candle becomes wet

with a colorless liquid.

(c) The wick is made of strands of

string which are 9.8 cm long.

(d) The candle becomes shorter at a

rate of 1 cm/minute.

(e) The top of the candle becomes

bowl-shaped.

(2) A student designs his own system of
measurement. Using his system, he measures
his height and a friend's “eight. He finds
the ratio of his height to his friend's is
1.2/1.0. His friend argues that the ratio
would be different if they used the metric

system, Is the friend correct? Why?
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In the following problems use L for
length, M for ﬁass, and T for time.

(3) If you multiply length times length
times length, what are the dimensions of your
answer?

(4) What are the dimensions associated
with the speed of your family car?

(5) If you multiply mass times length
per time squared, then multiply by length,
what are the dimensions of your answer?

(6) A steel rod has to be measured. The
picture drawn below is what you see while mak-
ing the measurement. The steel rod is at room

temperature and so is the ruler.
——1 Steel rod

LA 1 L] L} L] :

4 5 6 7 8 9

0.l cm. ar 25° C
(a) What uncertainty would you associate

with the measurement?
(b} Write the measurement with the total
uncertainty.
(c) What is the range of the uncertainty?
(7) A student sees the followirg while
making a meas':rement using a typical triple-
beam centigram balance. The large "riders"

are at zero.

- small rider
llrn[TrrTlnn[lnﬁMTWmTr.—rr

0.6 0.7 0.8 0.9 1.09
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(3) L3, which ig the
dimension of volume, ig the
correct answer.

(4) L is the correct
I
ancwer.
(5) ¥ (L2\is the correct
Tz,

a.swer. (M/L¥is mase times

velocity squared which are
the dimensions of Ep

(6) human error * 0.2 onm
instrumental error * C.1 or
other error * 0.0 o

¥ 0.3 or

(a) Total uncertairty
would be * 0.3 om.

(b) 8.2% 0.3 em

(c) The range would be
0.6 em,
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(7)
(a) +0.005 g (a) What human error would you associate
with this measurement?
(b) +0.01 g (b) What instrumental error would you
associate with this measurement?
(c) +0.015 g (c) Assuming the error due to change in
the system is zero, what total
. uncertainty would you associate
‘with the measurement?
(8) The range is 0.4 (8) What is the“range of the uncertainty
grams: in the measurement 6.2 ¥ 0.2 grams?
(9)‘ The range is 0.16 (9) What is the range of the uncertainty
seconds.
in the measurement 100.02 * 0.08 seconds?
(10) The tenths place. (10) What is the place of the uncertainty
in the measurement 6.02 ¥ 0.2 grams?
(11) The hundredths (11) What is the place of the uncertainty
place in the measurement 100.02 ¥ 0.08 seconds?
(12) Round the following off to the
(12) correct place:
(a) 1.07 * 0.03 (a) 1.065 ¥ 0.0295
(b) 9.006 + 0.005 (b) 0.0059 ¥ 0.005
{e) 1600 + 100 (c) 1649 ¥ 100
(13) (13) Express the following using
significant figures:
(a) 649.2 (a) 649.2 2 0.5
1) 0.0006 (b) 0.00059 % 0.00015
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(c) 5649 * 29.5

(14) Add the following and express your
answer using scientific notation:
(a) 649.2% 0.5 (b) 527.8 % 0.1

29.26% 0.01 61.39% 0.01
1.269% 0.001

(15) Subtract the following, expressing
your answers in'scient1fic notation:

(a) 32.50 % 0.00 (b) 657.89 t 0.06
- 8.902% 0.001 - 549.01 % 0.0}

(16) Multiply the following, expressing

your answers in scientific notation:

(a) 156 ¥ 2 (b) 1.009 * 0.001
365 * 6 41t

(17) Divide the following, expressing
_Yyour answers in scientific notation:

(a) 654.298 * 0.001
2.0% 0.1

(b) 54.07 ¥ 0.05
1.68 ¥ 0.01

B. RANDOM EVENTS
B.1 - Experiment: MASS OF SOW BUGS

You observed sow bugs earlier in the
course. Weigh your sow bug individually and
record its mass on the buard. Prepare a class
histogram or bar graph showing the number of
sow bugs at a given mass on the y axis and

the mass of the sow bugs on the x axis.
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(13) (c) 5680

You may firat assign the
problems that follow without
asking students to expreas
their answers using soientific
notation. Then, after they
have studied scientific
notation, they can re-work
the problems, expressing their
answers using scientific
notation.

(14)
(a) 6.797 x 10°
(k) 5.892 x= 102

(15)
(a) 2.360 =z 101
(b) 1.0888 x 102
(16)
(a) 5.69 x 104
() 4.1 z 101
(17) ,
(a) 3.3 x 104
(k) 3.22 x 101

Fquipment and Materials
sow bugs, 100 or mcre
balances

This experiment gives
students veighing (massing)
experience and data is cci-
lected that should s cw a:i-
other distridution ..rve.

If re twe isopods have tre
same mass, instruct the stu-
dents tc use mass ranges on
the x axis. Look at their
data on the board and see if
rounding off the masses will
give a better distribution
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curve. Thig will have to be
dectded after they have
written the sow bug masses on
the board. Use_at least one
hundred animals.

For use of balances see
D.2.c.

Yes, tﬁe two graphs
should be similar.

WARNING TO TEACHER:
Ask students to bring ten
coins for B.2.

Equipment and Materials
small boxes - optional
10 coins/student group
graph paper

This experiment may be
done in groups or may be done
individually if you have
enough boxes and coins. If
boxes are not available, the
soins may be shaken by hand
and spread on the table for
COUrLing.

Show the PSSC film,
"Random Events" (30 min.
running time) after this
experiment. Thig film is
very well produced; it should
b2 scen by the students even
if you may dislike films
yourself.

You have already determined your reaction
t{mes in Experiments C.5 and C.6, Chapter I.
-Refer to the graph of your results. Does the
sow bug mass graph resemble your reaction time
graph? Graphs are used to present experimental
data in an easily understood fashion. In
addition, the shape of the resulting curve
otten leads to important insights.

Distribution curves seem to be related to
living systems because both of your graphs were
obtained from observations on living systems --
SOW bugs and humans. Perhaps distributions also
océur in non-1iving events and are a fundamental
property of nature.
B.2 - Experiment: COIN FLIPPING

Shake ten coins in a box, remove the 11d,
and count the heads. Record the number of heads
after each shake. Repeat this operation twenty
times. Graph the results by placing the number
of trials with the same number of heads on the
Y axis and the number of heads in each trial

on the X axis.
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Is this graph similar to the sow bug mass and Yes, the graphs should be
similar.

human reaction time graphs? Does it appear
Yes.
that distributions due to random events are a

general occurrence in nature?

C. ORGANIZATION

C.1 - Demonstration: CLASSIFICATION AND
ORGANIZATION

We 1ive in a world where most objects
and events have names. And names, in part at
least, are a way of classifying and organizing
information according to the scheme of language.
What holds our attention best is something new.
Our interest is immediately directed towards
placing the new thing in its proper place in
the world of things we already know. Often the
shape and directi>n of your investigation of
the new thing is strongly influenced by your
first guess as to what it is. Thus taste and
smell are used to investigate a powdered break-
fast drink but not usually a powdered detergent.

In science, classification and organiza-
tion of information must be done as concisely
as possible. It is important not only in
communicating what you have learned to other
people, but also in guiding your investigation
as it proceeds. The game of Twenty Questions
is a good example of how one uses information

logically to oBtain new information and eventu-
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This should be done as ally to identify the object in question.
a demonstration with volun-
teer students, allowing them A good example of how proper organization
to use their own classifieca- _
tion cchemes. From these can lead more quickly to the answer than simple
trials a rational system may
be cvolved by the students guessing is provided by a deck of cards. How
themselves. The teacher ‘
should, in any case, finish many "yes or no" questions do you think
up by drawing on the board
a dichotomy flow sheet which necessary in order to identify positively a
provides an effietent route
to the answer. 'An example card chosen by someone else? Certainly you
follows:

could do it with fifty-two questions, but what
is the minimum number of questions that would

be sufficient?

) e hear
pote sy dEegmond
ook
T
' v
P
fp ol an pe th
A |
PR
C e e e 1
VT
‘ oo T l
" ST A 4
coi | om m " el
Lol cnd _Loren
() v _——_1
(G 5o
I 8o
. \ P ‘. -
\'C"‘. S R
T S , -
Y 7 o’
rrados Sreer
Srering’ vilees for
dasw, e, ol <ina v
e amed tn w1, 11 o
e !

*Numerical values for the ace,
Jack, queen, and king are

assumed to_be 1, 11, 12, 13,
respectively.
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You have used a flow sheet in identifying
one card out of fifty-two. You have probably
noticed that this system of organizing and
classifying provides a useful way of dividing
up the possible alternatives into smaller and
smaller groups--that is, a way of going from
the general to the particular. At the same
time it provides a roadmap or sequence of
operations which lead you most quickly to the
answer.

But the flow sheet has its limitations.

It is most useful only when a great deal is

known in advance about the collection of things

which you want to analyze--that is, when you

already know what characteristics there are and

which are most important or general and which

are trivial.
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If necessary, the teacher

can draw out the entire flow
sheet and show the students
that in every case it is possi-
ble to identify the chosen
card by a maximum of six
questions through this scheme.
In the use of the dichotomy
or mutually exclusive cate-
gory system, the number of
:lternatives which can be
resolved in n questions is
equal to 2", Hence, with

six questions, 26 = 64 alter-
natives could be handled.

This problem should be pre-
sented to the students by
asking them if six questions
would still suffice when an
additional three cards were
included in each suit.

The teacher should also
make the point that the deck
of cards igs an artificial
situation in that

(1) all of the relevant
characteristics of the cards
are knowm in advance;

(2) the generality of
each characteristic 18 known
in advance (e.g., red cards
are more common than aces);

(3) the total number
of alternatives in the
system is known in advance;
and

(4) the relationships
among the various characteris-
ties is fized and known (e.g.,
one card of each numerical
value occurs in each suti*).

The teacher may want to
cite other uses of the flow
sheet such as in chemical
analysis, chains of command,
responsibility in organiza-
tions, or genealogical
tables.
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WARNING TO TEACHER:
Ask the students to bring in
an aggortment of 7-10 leaves
for C.2. Too many leaves
lead to problems rather than
solutions.

Equipment and Materials

The leaf collection per
student group should consist
of about ten different types
of leaves collected in any
convenient garden or yard
and numbered by means of
small pieces of tape attached
te the leaves.

4 Roman Square is a device
for correlating properties
and/or objects. See Figure
C.1 on the next page.

This writing group,
whieh concained no botanists,
collected fifty types and
discovered thirty-five use-
ful characteristics which
were divided about equally
among the general headings
Shape; Veining; Border or
Edje; Fuzz, Hair, or Spikes;
Texture; Stem; and Odor.

C.2 - Experiment: CLASSIFICATION OF LEAVES

Knowing very little about the collection
of objects in question, what do you do then
when yod have to start from “scratch"? Try
it now by observing the collection of leaves
provided, noting as many characteristics as
you can for each leaf. A useful device in
this case is the Roman Square. This is a less
organized and more open-ended way of handling
observations.

The square can be expanded as you examine
new leaves and find new characteristics. But
it would be wise first to study the leaves for
15 to 20 minutes to deterﬁine as many charac-

teristics as you can, and then to try to
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CHARACTERISTIC SHAPE VEINING
Paral- Net- Paral- one
Leaf Tear- Heart Blade Round 1lel un- work Tel main
Number drop branched branches branches vein
1 yes no no no yes ne¢ no no
2
3
4
5
6
7
3
Figure C.1

arrange or aroup them under major headings as

in thea cxample above. As you proceed, you may
find thet some characteristics--such as the

presence of veins--are true of all leaves and
therefore not of much value in classification.
Others--such as round shope--may be tot vaaue.
in our cxamiration vcu may use ény of your

senses except taste, since scme leaves contain
poisonous substances. You may find that some
prai=s of characteristics usually go tcgether,
xclusive,

vii e othars app2ar w2 b2 mutually 2

The rain purposes of this
crerrse are to acquaint the
student with the Roman Sguare

m2tzoad of handling observa-

tiens or data; to eontrast
fer ki the relative diffi-
culties iv classifieation en-
counterea in biologiecal sys-
tems as ccmpared to those of
2 cimple man-made system like
sha deck of earde; mid finally
to forse nim io think and ex-
prces hims o/f prectacly and
coi:2lecly tn ki fermulation
of 2hzracteristies. It ic
antteizatad that a ecnsid-r-
abie perted of tricl and
error .1l Le neccscary be-
Frve caeh oiudend arrivec al
it osa ‘csfk«"r/ cet oJ ehargr-
oy 3 cnd orcantaes thenm

. -
Ln,c SOT. BUSEOr; U0 2less

Probably the most difficult part of this study hurv;as rey be reecscary.
If Sl e tne ecage, che

will be setting up the best charzcteriztics. weeslien enculd store the leaf
colleaticons cvernizht in acny

There is no easy solutinn to this; only triai

and error can accomplish the job.
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We think this test of
the student's classtification
scheme is important. The
teacher should requirve tt.

It has proved meaningful
to follow this exercise with
another keying about 15
examples of evergreen or
deeiduous trees. Limbs or
twigs may be used as samples.

Once you are satisfied with your Roman
Square, you may want to reorganize your charac-
teristics into a flow sheet which would permit
you to identify a leaf in your collection with
as few "yes-no" questions as possible. Test
your scheme of classification by having someone
else in your group decide on a leaf which you
then try to identify by means of these

questions.
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D. CLASSIFICATION AND ORGANIZATION - EXTENDED
Classiffcation and organfzation of playing
cards and leaves can be accomplished using
readily observed characteristics of the cards
or leavés. In many cases visual observation
will provide enough information to allow a
classification scheme to be formulated. Since
the ultimate use of classification and organi-
zation is the identification of individual mem-
bers of the set, the problem is quite general
and important. Manufacturers of household pro-
ducts must devote considerable attention to
the design of the packages their products come
in. Packages should “stand out" on the super-
market shelf and be quickly identified
visually. Supermarket managers like to keep
similar products sh:.ved together (classified
and organized) so one finds shelves of soap,
for instance, with a multitude of garish bcxes
in living color assaulting the eyes. Adver-
tising of new products is often as concerned
with nstablisking the identity of the hox as
it is with telling about the new product. The
desiaon of automobiles is complicated by the
fact that design features characteristic of a
certain brand must remain constant enough to

ailow identification of the brand year after

-
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100 year. At the same time, however, the design
must change each year so the public will be-
lieve the new model is different from the old
one. Identification of automobiles is further
extended by the necessity for each one to carry
a permanent number attached to the frame and/or
stamped on the engine in addition to the license
plate. If we had to key automobiies we could
also include body style and color in our key.

For the fastest possible identification of
a given autcmobile one miaght go through the
items on our key in order of ease of observa-
tion. A policeman would probably he trained
to read licernce nlates fast and accurately
while the average c't’zen would probably notice
color or body style first. In either case the
car might be tentatively identified by a fast
visual observation but the ultim:te identifica-
tion would be by finding the frame and/or
engine number.

The study of nature often starts with ob-
servation, classification and identification.
Sometimes it is desirable to make a fast
tentative identification (sometimes nothing
more than a guess) while other times a very
detailed analysis may be required (for example,
samples of moon material are being studied in

great detail). Now we are going to extend
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these ideas of classification and identifica-
tion to include chemicals. The objective of
the following experiment is to identify some

unkaown metals.

0.1 - Experiment: VISUAL OBSERVATION

A fast tentative identification of some
metals might be made on the basis of visual
ohservation., A more complete identification
~an be made by measurement of a physical
property. An absolutely positive identification
could only be made by measurement of several
phvsical properties,

Look at the table "Selected Properties
of Some Metals" on the next page. The column
haaded "Color" is blank. Using the identified
met:?5 in the lab, the Handbook,and your pre-
vious experiences, fili in the biank column,

In order to observe the true color of the
identified metals it may be necessary to re-
move the surface layer of corrosicn with emery
cloth or a file.

Sutain unknown metals from the teacher and
atternt %o identify the metals by ~-lor. This
may "'e only a quess.

Tkn table lists three other rharacteristic
wrennraies of the metals, melting point, boil-

i~ m9int  and density.
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The temperature at which

Equipment and Material
A qent i ied metals
Bardbook of Chem. and
Physics
. tg of unknown metals
Fmery eloth or file
Sable: '"Selected
Properties of Some
Metals"

Thz cheapest way to do
thia experiment is to have
five piecas of each of three
metals for the classroom.
The pieces of each metal
should be different sizec.
The vclumes should vary as
widely as possible for the

ava.lable graduated cylirders.

Ail th~ pleces ¢f a giver
metal eruld be color coded
on ore erd for rasy identifi-
cation, they will be used in
the rert crperiment aico.

Fre a Handtook cnd a
collezvion of wdentified
metala around thz lak.
Pner; cloth or a file would
clco he helpful.
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Metal

Aluminum
Cadmium
Chromi um
Cobialt
Copper
Gold

Iron

Lead
Magnes ium
Mercury

Nickel

Osmium

Palladium
Platinum
Silver
Titanium

Zinc

Sym. 2
Al

Cd
Cr
Co
Cu
Au
Fe
Pb
Mg
Hg
Ni
0s
Pd
Pt
Ag
Ti
Zn

Selected Properties of Some Metals!.

Color3

Density
Grams/cc.

2.7
8.6
7.2
8.9
8.9
19.3
7.§
1.
1.

w

13.

o o~

Y.
22.5
12.0
21.5
10.5

4.5
7.1

1. Data taken from current handbooks.

2. Symbols are a convenient shorthand.
abbreviation of the name.

Common Name

Copper
Gold
Iron
Lead
Mercury
Silver
Tin

Cuprum
Aurum
Ferrum
Plumbum

Melting Point
°C

660°
321°
1890°
1495°
1083°
1063°
1535°
327°
651°
-39°
1453°
3000°
1552°
1709°
961°
1075°
419°

Hydrargyrum

Argentun
Stannum

3. Colors can be described in various ways.
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Use your imagination.

Boiling Point
°C

2467°
765°
2482°
2900°
2595°
2966°
3000°
1744° -
1107°
357°
2732°
5000°
2927°
3827°
2212°
3260°
907°

Often the symbol for an element is an
Sometimes it is the abbreviation of an older name.

J1d Name

symbol

Cu
Au
Fe
Pb
Hg
Aq
5n
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almost all metals melt are too high for us to

determine in our laboratory. The boiling
points are even higher. This leaves density

as the property we can use.

D.2 PRELUDE TO DENSITY

Quantity of Matter: "How much?" is a

pretty fundamental question for the description
of matter. There are Several answers. One is

how much space the matter occupies, that is,

its volume. The second is the méss of the

matter or its weight*. By tradition, volume is HDL's 1-13 at the end of the
chapter go with the =ection
used as a measure of quantity for some things on density.

and mass for other things. Gasoline could be
sold by the pound though, and the space occu-
pied by a person might be more interesting '

than his poundage.

D.2.a VOLUME

Liquids are most commonly measured by de-
termining the space they occupy. This is easy
because liquids assume the shape of their
container. There are containers made for this
puri:0se such as measuring cups anc spoons. In

the Taboratory graduated cylinders are one kind

*Mass and weight are not synonomous. The
distinction between them will require some

physics.
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Equipment and Materials
Graduated cylinders
3 or 4 metals, S pteces of
each

If the students drop the
rctal into a glass graduated
eulinder there ig a good
charice the glass will crack.
Kither use plastic graduate
eylinders or warn the stu-
dents to tilt the cylinder
and aZlow the metal to slide
down the wall. Alternmatively,
the metal can be lowered into
the cylinder with a piece of
thread.

Demonstrate how the
graduated cylinder is held
at anangle and the piece of
metul allowed to slowly slide
dowm. With an old glacs jar
you could also demonstrate
how eastly glass ean be broken
by the metal.

of container used for volume determination.
Scientific work commonly uses the cubic centi-
meter (cc. or cm3) or the mi1liliter (ml.) as
the unit of volume. The two units are equiva-
lent and graduated cylinders may be found

marked or calibrated in either cc., cm?,or ml.

D.2.b. Experiment: VOLUME OF A SOLID

The volume of a solid may be determined
directly if its dimensions can be conveniently
measured. If one of your unknown metals is a
cube, for instance, you would have no difficulty
obtaining its volume by direct measurement.
Most regularly shaped objects such as spheres,
cylinders, cones and rectangles can be handled
similarly. Attempt to determine the volumes of
some of your unknown metals by direct measure-
ment. How many significant figures are justi-
fied in your answer?

Irreqgularly shaped objects pregent a
different problem. Fill a graduated cylinder
half full of water and record the volume.
Carefully add one of your unknown metals and
record the new volume. The difference between
the original volume measurement and the new
one should equal the volume of the metal.

Determine the volume of each of your unknowns.

How many significant figures are you allowed
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in your answer? Compare your results with the
direct measurement results. Are they the same?
If not, why is there a difference? Which is
the most accurate method? Why? Which method
would be best for sand? For wooden blocks?
Does knowing the volume help you in deciding

what your unknown is?

D.2.c. MASS

Use of the Balance: A balance is an

instrument used for making comparisons of two
masses. There are several types of balances
in common use. One type is called an equal-arm
balance. It consists of a beam suspended at
its midpoint with a pan at‘each end. If an
object on one pan has the same mass as an ob-
ject on the other pan, the beam will be

horizontal. Comparison of two masses is

particularly valuable when one mass is standard.

Beam

4

A
Arm
Pan ,J';:i;;

&

Figure D.1
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Warm students to record
their data so that they will
be able to use it later.

Knowing the volume won't
identify the metal.

If this 18 the student's
first experience with a grad-
uated cylinder it might be
wise to have them make several
volume determinations of one
piece cf metal to develop
their ekill.

?

05
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A standard mass is any mass that we decide
should be the basis for all comparisons. Scien-
tists throughout the world use the same stand-
ard of mass, the kilogram. The international
standard of mass in the metric system is a
cylinder of platinum-iridium alloy kept at the
International Bureau of Weight and Measures at
Sevres, France. Our own National Bureau of
Standards in Washington, D.C., has an accurate
copy of the international standard. Accurate
copies of this copy are used for comparison
purposes. The gram is one one-thousandth the
mass of the kilogram. It is very nearly equal
to the mass of one cubic centimeter of water.
The triple-beam bal:.ice is in principle
the same as ¢n equal-arm balance. One pan
has been replaced with a set of comparison

masses in metric units, which slide along the

beam.
| beam s
\r | A A |
Pan
D
Figure D.2
142



D.2.d. Experiment: MASS

Determine the mass of each of your unknown
metals with a balance. ]

Does knowing the masses of your unknowns
help you to identify them?

It is likely that knowing the volume and
the mass was not particularly valuable to you
in identifying your unknowns. This is because
both are properties of the particular sample in
your hand and are not properties of any partic-
ular metal . They are very useful, however, in
calculating a characteristic property of matter
which will be helpful.

D.3 DENSITY: A CHARACTERISTIC PROPERTY OF
MATTER

If we take an iron bar 1 cm. squaré and
cut off 1 cm. sections we would have a number
of identical fron cubes. Their volumes would
all be one cubic centimeter. If we weighed
them they would each weigh 7.9 grams. A 2 cm.
section would have a volume of 2 cubic centi-
meters and certainly we would expect it to
weigh 15.8 grams.

D.3.a. An Experiment: DENSITY BY A GRAPHICAL
METHOD

You have now determined the mas3s and

volume of each piece of metal in the three
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Equipment and Materials

3 or 4 metals, § pteces
each

triple beam balances

platform balances

There i8 a film loocp on
the use of the balance,
"Weighing with the Triple
Beam Balance'", Faling Company.

For the heavier Rieces
of metal a platform balance
will te needed.

Knowing the masses will
not identify the metal.

The Llai-patory cxer2ise
whicn jolle.s 28 inciuded as
a review of ararh-making and
iz tact for tearnivg grapn
analysts.

Yrddvment aud Nlateriqle
cor d motals, & pieccs
¢, zach
Bzlances, triple ream cr
rlatfcrm
Jraph paper




108 unknown sets. Plot a graph of the data.

5

(4~}

=

(72

[Ja]

<

=

VOLUME, CM7, CC., or ML.
If the balance is zeroed Notes on graphing: Gather all the mass and

before the experiment is per-
formed the origin can be volume data before setting up the scale
congidered as a data point.
This should be discussed with division. Start the graph scale with zero

the class.
: grams and zero ml.

When the data points for one metal have
been plotted, draw a straight line which
appears to best fit through the points. Prob-
ably some points will not fall on the straight
Tine. Why not?

¢rom the graph you have plotted read the
mass of 1 cm.3 (cc. or ml.) of your metal.

Read L 2 mass of 10 cm.3 (cc. or ml.) of your
metal from the graph, divide the result by
ten a+ compare this number with your direct
_-i4 3 of grams per one cm.3 (cc. or ml.).

Extend the 1ine using dashes so that you
can read the mass of a 100 cm.3 piece of metal.

How Steep is your 1ine? The "steepness"
or slope of the line can be described quantita-
tively as the number of units the line extends
vertically divided by the number of units the

line extends horizontally.
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2 p-———————
|
|
|

=8 |
< |
Q- |
© [

4 |

— horizontal — |
l o
0 | 2 3

CM3 CC. or ML.

Figure D.3

By performing the actual arithmetic division
we have the number of grams per cm.3 (cc. or
ml.) of metal. This is the same as reading
directly the number of grams on the Y-axis at
the one c¢m.3 (cc. or ml.) horizontal division.
The quantity you have just calculated,
the mass per one cm? or unit volume, is defined
as density. For any substance (including of
course, your unkioun metals) the density is a
charactoristic physical property. It is in-
dependent of the size of the sam~le. It should
be a very useful characteristic property to
use for identification of your unknowns. Graph
the data for your other two unknown metals and
repea'. the process used above. Identify each

unknown,
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1no Density could have been obtained by the
determination of volume and mass of just one
piece of each of the unknowns. However, by
making several determinations on the same metal
using different pieces, 1ab errors hopefully
will tend to cancel each other. The graphing
technique we used shows us when a data point
is "out of line." If we did only one deter-
mination we would not have this extra informa-
tion about the data. Would we get the same
result if we connected the data points with

straight lines as shown below?

GRAMS

Ficure D.4

L.4 OTHER CHARACTERISTIC PHYSICAL FPrpPEg:t’
Density is a physical property us:., .
identification. There are other physical
properties which are also useful for this
Purpose. We will nuw learn al«ut some of these

and use them for ideniifizaiion.
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D.4.a. FREEZING ANP MELTING

We know that water freezes to form ice and
that ice melts to form liquid water. The tem-
perature at which this change takes place is
known as the freezing point or melting point.
Does ice melt at the same temperature that
water freezes? It should, but how can we prove
that it does? Plan an experiment which would
* demonstrate this.

For classification, organization and
identification we can make use of freezing and
melting. First, if a substance has a freezing
point or melting point lower than room tempera-
ture it should exist ordinarily as a liquid.

On the .other hand, a substance that has a
freezing point or mélting point higher than room
temperature should exist ordinarily as a solid.
We can classify and orgznize substances on the
basis of whether they are ordinarily liquids or
solids. List six substances you would expect
to be liquids ordinarily.

BEHAVIOR OF SOLIDS ON

D.A4.b. Experiment:

WARMING
Careful observation of familiar objects

around us usually reveals characteristics and
properties that were not obvious to us before.
In this experiment you will compare the be-

- havior of several solids when heated.
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If someone has a gcod

idea on this let them tr, it.

Pernaps a container cf ie:
and water and a thermometer
wtll be sufficiently sugges-
tive.

If we restrict the lict
to pure sulstances this is
not an easy task for sophc-
mores.

Equiprent and Materials (ror
tiirty studmte)
15 candles
1o tuneen urmaerg
18 ring etande, rins,
Lime gause
16 L&8C ml i eaker
Nt aan 1idz
Sl plecee of aulfir,
lead, tin, eoprer, and
Slte U orool

m
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Small tin cans from home or
school xitchens could replace
beakers, avoiding the need

to clean wax-coated beakers.

This experiment involves
a careful observation and
comparison of several sub-
stances and how they behave
under varying temperature
ranges.

This will give »rise to
making some generalizations
Gs to the melting point of a
substance being a charac-
terigtic property of matter.

The copper and the iron
do not melt by this particu-

lar process. After comparing
elaso results, 7t may be
desirable to refer the stu-
dent. to a chemistry handbook
to compare his findings with
the accepted melting point
values as Llisted.

Jome elassrei have found
the sulfur an Lrvitant to
cyes and throat when heated
over Lhe bunsen burmer. Tt

Lo Suygested that this may be
carried out unler a hood.

Place a 7id from a tin can on an iron ring
stand as thown in Figure D.5. The 1id should
have some depressions made in it to hold the
substances to be tested. Adjust the height of
the ring so that it is about 8 cm above the tip
of your candle. Place on the 1id, equally
spaced near the edge, small equal volumes of
candle wax, éteel wool, sulfur, lead, tin and
copper wire or turnings.

Light your candle and adjust the ring
height until the tip of the flame is about 4 cm
directly below the center of the 1id. Heat the
lid for about three minutes. Record your
observations paying particular attention to the
melting process. Replace the candle with a
bunsen burner and adjust the iron ring about
8 cm above the bunsen burner. Now adjust the
burner flame to about 5 cm and heat for about
3 minutes. Increase the size of the flame and
heat for another 2 minutes. Record all
observations.

In the burning of a candle you will observe
that there is a pool of liquid at the base of
the candle wick.

The question then arises as to whether the
solidified 1iquid from the bowl of the candle
will behave in the same way as the original

candle wax when heated.
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Remove your tin can 1id from the ring
stand and replaceﬁit wWith a wire gauze and a
250 ml1 beaker about 1/3 full of water. Pour a
few drops of the liquid from the bowl of the
burning candle onto a piece of paper. Break off
a piece of the solid formed and place it in the
beaker of cold water. Obtain a piece of the
unmelted candle wax by cutting a chip out of
the bottom of your candle. Both pieces should
be about the same size. Place the second piece
in the beaker apart from the first piece.

Heat the beaker and its contents with the
bunsen burner and note when each substance starts
to melt. Allow the beaker and its contents to
cool and discard the solid material. (Do not
put it in the sink.)

How does your observed order of melting
compare with the findings of other members of
your class? Make a generalization based on the
combined observation of the class. What state-
ment can you make concerning the melted material
in the bowl of your burning candle and the can-
dle wax? Can you make any statements as to why
the substances on the tin can 1id began to melt

at different temperatures?

[t will be important later to e able to
teil if a chemical melts in a bunsen burner

f'-me or not. Remember, I told you so.
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Careful observation will
show that only the candle wax
and the sulfur are melted by
the candle -- in that order.
The tin and then the lead are
melted by using the bunsen
burner.

When the student observes
that the solidified liquid
from the bowl of the candle
melts at the same temperature
as *he solid piece cut from
the candle, he will conclude
that they are probably the
same substance.

ake sure that the stu-
dent understands that solids
de melt and that they do have
characteristic melting pointe
peculiar to themeelves, and
also that a particular sub-
s8tance alvays meite at thne
aame temperature.

ns3
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Equ

ipment _and Materials

!

Jo .

o

1

!

/

7
‘e

1

Lot tubec

~otigrade thermometors
Lorianyg stands

Lopihgn

W e ganse

Lobwven burners
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A tpor cugene, naptha-
| . ]'1 - ;J" 5 7.
Fooey il ¢andee wax

Do teachers report better
abecdont resully when the
roaes lichlovobinzene 15

hewatol to about 900 C rather

Linoy oo,

"wotae et part of
ke oarepimont the student
W70t haue many problems
S vl ldanivg a eooling
v covided that the
coms e rture L Lhe water
s fuew onot fall below

ot reaond part of
o wierdment the tempora-
Supe oS P07 0 L
rmepe npitdonr” In ospder to
gt v satisfertory result.
et e e wpop tn the
Deoper Le 50000 ghould
aldmiy b e e lota po-
Degren 10,

aomgtderal Ly

D.4.c. Exgeriment: FREEZING AND MELTING

CURVES

In this experiment we will attempt to show
that the melting points and freezing points of
a substance are the same.

In a clean, dry test tube place 10 grams
of paradichlorobenzene and immerse in a water
bath and warm gently until the substance in the
test tube is completely melted. Continue heat-
ing until the temperature reaches about 70° C.
Remove the test tube from the hot water bath
and place in a beaker of cold water at about
30° C. Measure and record the temperature of
the melted substance every 30 seconds as it
cools and begins to solidify. Continue to
take data for about another 5 minutes. Note
when the solidifying process starts and when it
ends.

Using an entire sheet of graph paper, re-
cord your data in graphical form, plotting the
temperature as a function of time. (Enter the
time on the horizontal axis and the temperature
on the vertical axis.) This is a cooling curve.

Heat a large beaker of water about 70° C.
Read and record the temperature of the solid
substance in the test tube and place it in the
Record temperatures

beaker of hot water.

every thirty seconds noting when the melting
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begins and when it ends. (Note it may be
necessary to warm up the water bath as the
action continues.) Record the observed data
and plot the data on the same graph

used for the first part of the

The following graph
indicates one set of values
for paradichlorobenzenc.

4 =CO0OLING CURVE
°o = WARMING CURVE

1 A 1 A L
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80
experiment. With a black pencil
draw a smooth curve to represent §3 704
the cooling behavior of the sub- =2 60
stance checked, and with a pencil gg
D
of another color draw a smooth ':t 50
Q
curve representing the warming l&l 40
behavior of the substance. This EE
~
is a warming curve. 30
Obtain other samples of dif-
A ) 20
ferent materials from your in- 0

structor and determine the cool-

ing and warming curves for these using the
same techniques that you have used previously.
Note and discuss any differences that may
appear in the different substances.

Is there any significance to the fact that
one or more of the substances investigated may
have little or no plateau, while others may
present a celatively longer plateau as they are
plotted on the graph? Explain the reasoning
for the choice you make.

Do you think that there would be any

marked changes in either the cooling curve or

151

2 3 4 ) 6
TIME N MINUTES

Varying the number of
arams of material would not
cause any significant changes



116 in the curve except that it

may become more gradual. The
length of the plateau (but
not ite height) would be
affected because of the fact
that a longer time would
result from the greater
amount of mass to be either
melted or solidified.

A cooling curve that I
little or no plateau indica.
that tt has no freezing poin.
within this temperature range.

Equipment and Materials

beakers
thermometers
captllary tubes
chemicals
rubber bands
stirring rods
clamps
corks

' ring stands

Melting Point
Rubber k g Tube
Band Ny &

Thermometer

the warming curve if you were to vary the
number of grams of material used in each case?

Explain your choice.

D.4.d. Experiment: MICRO-MELTING POINT

For convenience, melting points are
usuzliy determined on very small quantities of
sample. A melting point tube can be prepared
from glass capillary tubing. Heat a capillary
tube in the middle until it melts. Pull the
two pieces apart and seal one end of each
piece in the flame. Crush a small piece of
paradichlorobenzene and scoop up the powder
into the open end of one of the tubes. Care-
fully tap the sealed end of the tube against
the desk top. The powder should fall to the
bottom of the tube. A column of material about
3 to 5 millimeters high packed in the bottom
of the tube serves as the melting point
sample. Attach the packed tube to a thermometer
with a rubber band so that the sample is next
to the thermometer bulb.

Suspend the thermometer with the melting

point tube attached to it in the center of a
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beaker half filled with water. Slowly heat and
stir the water while obser;ing the sample. Re-
cord the temperature at which liquid first
appears ard the temperature at which the last
bit of solid disappears. These two temperature
readings define a melting point range for para-
dichlorobenzene. We will use this micro-
melting point method to identify an unknown.
Obtain an unknown from your teacher. ine un-
known will be one of *he substances listed
below. Identify it by its melting point. You
will want to make several melting point range
determinations. The most accurate results will
be obtained when the water bath temperature is
rising by about 2 degrees per minute while the
sample is melting.

Camphene 42°

Paradichlorobenzene 53°

Maleic anhydride 56°

Naphthalene 80°

Acetamide 82°

Citraconic acid 91°
Citric acid hydrate 100°
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Equipment and Materials

ring stand

clamps

test tube

thermometer

alcohol or bunsen burmer
botling chips

vater

THERMOMETER

§ LIQUID SAMPLE

ALCOHOL LAMP

Figure D.6
T Qe Preelous
Coldey hesideos water

asafr and botl it
temporaturs .

I
v"l'"'. i’y
94 A SRA N S

D.4.e. Optional Experiment: BOILING POINT

DETERMINATION

If a substance boils at a convenient
temperature we can determine the boiling point
with the simple apparatus shown. The boiling
point temp: .-ure is another useful physical
property.

Place approximately two cm.3 (ml.) of
water in a test tube and suspend a thermometer
so that the bulb is two to three centimeters
(about one jnch) above the surface of the
liquid as shown. Add a few small chips of
porcelain to insure even boiling. Now gently
heat the liquid. The liquid will boil and you
should be able to spot liquid on the wall of
the tube formed by condensation. Gently heat
so that the condensati&n takes place about 1
cm. above the thermometer bulb. When the
temperature is no longer changing record the
boiling point. Do not heat the tube so hot

that vapor escapes from the tube.
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D.5. SOLUBILITY: ANOTHER METHOD FOR
CLASSIFYING

There are many times in our lives when
we add a solid to a liquid and the solid seems
to disappear. Sometimes there is no visible
change other than the '"disappearance" of the
solid. If we mixed sugar and water in a glass
the sugar would seem to disappear. However, if
we tasted the water it would be sweet. Since
water alone is.not sweet, and sugar alone is

sweet we could conclude that the sugar is mixed

throughout the water giving it a sweet taste.

If we mixed Kool-Aid and water we would actually.

see the coloring mix throughout the water. A
solid mixing throughout a liquid in this manner

is soluble and dissolves and the resulting

combination of solid and liquid is called a
solution. The solid is called the solute and
the 1iquid is called the solvent. We could also
obtain a solution by dissolving one liquid in
another. In this case the liquid present in the
least amount would be called the solute. Gases
can also dissolve in liquids to form solutions.
There is often some limit as to how much
soluté can dissolve in a given amount of a

particular soivent. It is possible to add more

solute to a particular solvent than can dissolve.

If no more solute can dissolve the solution is
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Equipment and Materials

tect tubes

sjurmed paper labels or
glass marking pencils

lrnlances

codium cehloride

sodium nitrate

caleiun carbonate

zmonium sulfate

potassium acetate

riper to use on balm:ice
rans (5 pieces/student
teart)

said to be saturated. Terms introduced so far:

dissolve

soluble

solution

solute

solvent

saturated solution

Substances can be classified according to
how soluble they are in a particular solvent.
If, for instance, a thousand grams of a sub-
stance dissolves in 100 ml. of water, we would
classify the substance as very, very soluble in
water. On the other hand if 0.0001 gram of a
substance was all that would dissolve in 100
ml. of water we would classify the substance as
insoluble. Of course, the substance is not
totally insoluble, but for all practical pur-
poses it is insoluble. We will arbitrarily
call anything insoiuble if no more than 0.1
gram will dissolve in 100 ml. of water.
D.5.a. Experiment: CLASSIFICATION BY
SOLUBILITY
Place one ml. of water in each of five

test tubes. Label the tubes sodium chloride
(NaC1), sodium nitrate (NaN03), calcium
carbonate (CaC03), ammonium sulfate ((NH4)2S04),
potassium aceiate (KCH3C02). First place a

piece of paper on the balance pan and weigh it.

!
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Record the weight. Add one-half gram to the
weights and then place the chemical you are
weighing on the paper until the beam balances.
If you add too much chemical adjust the weights
until the beam balances and record the weight.
If you get more than one-half gram it will not
matter. Use five pieces of paper to weigh the
five chemicals in this manner. Be sure to
label each of the five pieces of paper.

Add a small amount of sodium chloride to
the water in the test tube labeled sodium
chloride, using your scoopula. Repeat the
procedure by adding a small amount of each
chemical to the appropriately labeled test
tube. Would you classify any of the chemicals
as insoluble?

Continue adding small amounts of each
chemical to the appropriate test tube until
each solution is saturated. You may need more
than one-half gram of some of the chemicals in
order to make the solution saturated. Keep a
record of the weight of each chemical needed
to achieve a saturated solution.

Classify the five chemicals as insoluble,
moderately soluble, very soluble and very

very soiuble.

[f students are required
to record solubilities in
gm/100 ml, this experiment
will be a more helpful prelude
to D.5.b. From a series of
such recordings they might
establish some quantitative
limits for "insoluble, mode-
rately soluble,” ete.

Their findings may be
checked against values in the
Handbook of Chemistry ard

Physics.
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Fauipment. and Materials

Non-expendable:

1 cvaporating dish per
ctudent

1 250 ml pyrex beaker per
student

5 150 ml pyrex beakers for
the saturated solutions

1 wire screen with asbestos
center per student

1 tripod per student

1 bunsen burmer per
student

1 striker per student (or
matches tf you want to
dig shem out of the
sinks)

1 -10 to 110° centigrade
thermometer per student.

kzpendable:

' 1 1b KoCr,0, (asswning
aout & data points per
class); technical grade
le okay.

[f students do this ex-
periment as a class, check
the thermometer they use for
aceuracy.

LVAPORATING  LICH

8L ING
. WATER
g

WLV LEN HIRNE R

Fijure D.7

D.5.b. Experiment: TEMPERATURE VERSUS
SOLUBILITY

In this experiment, a saturated solution
at a given temperature is evaporated to dryness.
From the weight of the residue, the solubility
in grams per 100 g of water can be calculated.
Others in the class may be performing the
same experiment at different temperatures.
Share your data. You will need the solubility
of a substance at many different temperatures
to make a graph of solubility as a function of
temperature. Such a graph is called a
solubility curve. |

Within a class, make several saturated
solutions of potassium dichromate at tempera-
tures ranging from 5° C to 90° L  Pour about
20 m1 of one of the saturated solutions into
a clean, dry evaporating dish. Carefully
evaporate the solvent. Let the evaporating
dish cool and then re-weigh it. Repeat this
process until constant weighings are obtained.

Now pour about 20 ml of another sasturated
solution at a different temperature into a
clean, dry evaporating dish and drive off the
solvent. Continue using saturated solutions
at different temperatures until you and your

fellow students have enough data for at least



five points on your graph. After you have made
your graph, carefully discard the residue and
wash the evaporating dishes and your hands.
Potassium dichromate is poisonous.

Can you predict from your graph the
solubility of potassium dichromate at a tem-
perature you did not use? How many grams of
potassium dichromate will dissolve in 1 ml of
water at 60° C? Can you assume the same sort
of graph is typical of the solubilities of all
substances?

If you have additional time, your teacher

will show you how to use The Handbook of

Chemistry and Physics to make solubility curves

for other substances.
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Remind gtudente always 123
to be certain there ts some
solid in the bottom of their
beakers to insure that the
solution is saturated.

Caution students to weigh
the evaporating dish itself
first.

To save time, the teacher
could have a series of solu-
tions prepared for cldss use.

It 8 possible to predict
the solubility of potassium
dichromate at a temperature
he or his fellow students do
not use. It can be done by
either interpolating or
extrapclating. A "read-out'
from the graph should show a
solubility of 40 g of potas-
siuwn dichromate per 100 ml of
water at 60°C. It will be
difficult for a student to
answer the question, "Can you
assume the same sort of graph
i8 typical of the solubilities
of all substances?" From the
experiments he has already
done and the solubility curves
he has already seen, he may
Jump to the conclusion that
solubility always increases
with temperature. Experi-
ments D,S5.c¢, and D.5.d should
prove to the student that not
all substances increase in
solubility as temperature
inereases.

Students can firnd data
in the section "Solubility
of Inorganic Compounds."
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The student's graph
should look similar to the
one below.

Solubility Curve for Potasstium

[ Dichromate

80+

3

60}

40}

SOLUBILITY (G/100 OF WATER)

0 20 4C 60 80 100
TEMPERATURE IN °C

Another alternative
would be to use sodium chro-
mate, which has a most un-
usual solubility curve, in
plice of potassium dichromate.
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D.S.c. fxperiment: THE EFFECT OF
TEMPERATURE ON SOLUBILITY

In previous experiments, ‘the substances
you worked with were more soluble in hot
water than in cool water. In other words,
the sslubilitv increased with an increase in
temperature.

Prepare 20 ml of a saturated solution of
calcium acetate at room temperature. Now
heat the solution carefully. Do not let it
boil. Do you think the solubility of calcium
acetate increased with an increase in tem-
perature? Could you make a solubility curve
for calcium acetate? If you have time, do
s0, and note how it compares with the

s0lubility curves you have already studied.
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This experiment and the
next are supplemental.
Probably few students will
have time to do them.

The solubility of Ca
(CH3C00) 2 decreases with in-
creasing temperature. It i8
an exception to the solu-
bility patterns the student
has observed in D.S.b.

Answers to Questions

The solubility evidently
decreases with increasing
temperature, because a -
precipitate forme when the
saturated solution is heated.
It te possible to make a
solubility curve by starting
with a saturated solution
at a low temperature and
drawing off portions of the
supernatant liquid at various
higher temperatures.

The solubility curve
your students make should be
similar to the one on the
next page.
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Solubility Curve for
Caletum Acetate

A
o

W
o

no
Qo

S

A A I

20 40 60 80
TEMPERATURE IN °C

A A A ']

SOLUBILITY (G6/100 cM3OF H,0)

o

Lquipment and Materials

Non-cxpendable :
lane as D, S.b,

Fependable:

1 lb Caq (CHSCOO)Z.Hgo
(assuming about 5 data
points/elass); techni-
cal grade is okay.
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D.5.d. Experiment: THE EFFECT OF TEMPERATURE
ON SOLUBILITY

In previous experiments, the majority of
the substances you worked with were more soluble
in hot water than in cold water. In the case of
calcium acetate, however, you discovered the
solubility decreased with ,:creasing
temperature. Now let's investigate a "real
strange one."” Determine the solubility of
sodium sulfate over a range of temperatures,
10° C to 80° C. Make a graph of your data.
Use The Handbook of Chemistry and Physics and

- try to explain your graph.
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Equipment and Materials

Non-expendable:
Same a8 D.S.b.

Expendable:
1 b, Na2$04.10 HZO

(assuming about § data .
points per class);
technical grade is okay

or Na2804.7 HZO.

The graph below should
be similar to the ones pro-
duced by students.

22
o

N
o

SOLUBI -
BILITY OF Na,S0,

N
o

10 IEO VS. TEMP

20 40 60 l;O
TEMPERATURE IN °C

A A A

SOLUBILITY (657100 6. OF HZO)
o

We suggest the use of
Na2.5'04.10 H20. Na2504. 7 H20
may be used but the results
will not be as dramatic.

The solubility curve for

Nh2504.10 H20 preser.its a

singular feature. It rises
rapidly in-a normal way, but
above a certain point it
falls. An examiration of
the solids above and below
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this point shows they are not
the same. Below this point
the solid is Na,S0,.10 H_0,
while above this point i% is
the anhydrous salt Na, SO ,.
Sharp breaks like this in a
solubility curve always

suggest some chemical change .

in the solute.

Answers to Questions

If the students check in
The Handbook of Chemigtry and
Phystics, they may discover
that the first part of the
curve demonstrates the
solubility of Na,SO,.10 H 0
and the second part of the
eurve demonstrates the
solubility of Na,S0,.
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D.6 Experiment: FLAME TESTS FOR

CLASSIFICATION

When things burn, the flame often has
pretty colors in it. These flame colors m1§ht
be useful for classification. In order to
determine how flame colors might be useful we
will burn a number of different chemicals and
look for significant tidbits of information.

Cbtain a piece of nichrome wire with one
end connected to a handle and a small loop in
the other end. Heat the looped end in a flame
and note any change in the flame.color. If
the flame is highly colored hold the wire in
the flame until it is hot and then dip it into
a small dish of hydrochloric acid. Heat again
and note the color qf the flame. If necessary
repeat the process until the wire glows but
does not give more than a faint yellow color
to the flame.

Alternate Instructions: If the class is pro-

vided with a different piece of wire for each
chenical it is not necessary to clean them.
You must, hcwever, be careful not to use a
wire for more than one chemical.

Now dip the wire into some potassium
acetate (KCH3C02) and then hold it in the

flane. Record the color. in describing

160
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Equipment and Materials
Niehrome wires with loops
Bunsen burmers
Caleium chloride
Copper chloride
Copper nitrate
Lithium chloride
Strontium cehloride
Strontium nitrate
Sodium ehloride

Aleohol burmers do not
provide enough heat for flame
tests. Bunsen burners are
necegsary.
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Equipment and Materials
same as D.6 with addition
of simple grating spec-
troscopes, plus pieces of
blue and green glass

Students should be pro-
vided with a piece of blue
ilass and a ptece of green
glasu.

Vicible color of eazh
cthemizal will depend upon its
colatiity. ALl substances
will give the characteristic
flame test ©f the temperature
1o high ¢nough. There are
limits to the nwnber of
chemical s that ecan be ucerd to
distinguich the characterig-
tie eoler. lome chemicalc

will not give a characteristic

colors exercise your writing skill us well as
your imagination. Repeat this procedure using
potassium chloride (KC1) and again record the
color. Can you make a guess about what was the
direct cause of the color?

Repeat the process for the following
chemicals and record the flame colors obtained.
Calcium chloride

Copper chloride
Copper nitrate
Lithium chloride
Strontium chloride
Strontium nitrate
Sodium chloride
Examine your data and state how flame

tests may be used for classification.

D.6.a. Experiment: ANALYSIS OF COLORS

The use of the flame tests is limited in
some cases by our ability to describe the
colors. Clearly, we need a method for
analyzing mixtures of zolors. There are scyary
tools useful for the analysis of mirtuies of
zolors. One simple ¢ vice known as a grating
spectrosccpe, spreads out the various colors
in 1igrt so that the eye can readily see
slight difference. A soap bubble or 4 glass

prism can do the same thing.
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Using a hand held simple grating
spectroscope repeat the flame tests.

Try to reproduce the arranqgement of lines
obtained from each chemjcal. Also note the
colors and their relative intensities. The
arrangement of lines is called a spectrun
(plural: spectra).

Examine your spectra reproduction now
:and state how flame tests with a grating

spectroscope can be used for classification.

color in_a Bungen flame be-
cause the temperature is
not high enough.

Violet

Potagsium compounds --
Purple red through blue glass.
Easily obscured by sodium
flame. Bluish green through
green glass.

Blues

Azure -- Copper chloride.
Copper bromide gives azure
biue followed by green. Other
copper compounds give same
colorization when moistened
with hydrochloric acid.

Light blue -- Lead,
arsentc, selenium.

Greens

Emerald -- Copper com-
pounds except the halides,
and when not moistened with
hydrochloric acid.

Yellowish -- Barium
compounds. Some molybdenum
compounds. Borates, especi-
ally when treated with
sulfuric acid or when burmed
with aleohol.

Pure Green -- Compounds
of thalliwn and tellurium.

Bluigh -- Phosphates
with sulfuric acid.

Very faint -- Antimony
compounds.  Ammonium com-
pounde.,

Whitish -- line,
hedls

Cimine -- Lithium com-
pownds. Viclet throwin Pl
dlans.  Invtailble ~hrugh
Jroen clasa, Mished by
Foonlem flamo.

Soarlet - Styront e
porpew lse Vieler Larou
Liue goass,  Yelloawioh try
Jreen lags. Masred by
Fariun flame.

Yi:llowigh -- Culelur
compewdn, gpeont sl the gy
Clae glasa. Grcen through
reen slans, Masked by
fanim Slam:,

13



132 Yellow

All sodium compounds.
Invisible with blue glass.

A more sophisticated
versiton of color analysis
may be possible if you have
access to gas discharge
tubes.
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D.7. - ORGANIZING AND RETRIEYVING DATA

We have been learning how to study several
physical characteristics of chemicals. Be-
cause we used only a few chemicals and
determined only a few characteristics we were
never overwhelmed with data. Even so, the data
we obtained is now spread out over a number of
pages of paper. Some of the data is home,
some is in another room, and some has been
covered with mustard and relish and been eaten.
If we were going to gather any more data there
would be a good chance we would also lose some
of it or at least not have it around when we
needed it. Even if we had it aro&nd it wou\d
take us a while to find exactly what we needed
at any particular time. Clearly data needs to
be organized and some attention must be given
to the need for retrieving it at a later date.

There are over two million 4ifferent
chemicals known now. If we had several physical
properties of each of them we would have
around five million bits of information. Let's
see how we could organize this mountain of
data.

The first organization scheme to come to
mind would probably be the handbook method.

The compounds would each have a name, and we
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134
would 1ist them alphabetically and record the

data on each of them i~ colums following the
name. If we wanted to locate data on a parti-
cular chemical we would only need to locate the
chemical by name. However, if we had the
melting point, density and/or solubility of an
unknown chemical and wanted to identify the
chemical, this organization scheme would not
be very useful. We would have to go through
pages and pages of data and would probably get
i11 long before we found what we were looking
for.

In view of the above problem we might
need to make a list of the chemicals in order
of increasing melting point, a second list in
order of increasing density and so forth. What
a job! At this point someone might sqggest
that we really need some kind of computer.

We can build a small mechanical data
processing machine to Ssee how one works and how
it could be of use. Qur machine will have a
memory (data storage) and will be able to
answer yes or no to any question we ask it
about the data in its memory. Using our
machine will be like playing "twenty

questions.
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D.7.a. - BUILDING A PUNCH CARD MEMORY

Punch cards come in different sizes with a
variety of arrangements of holes. They are all
the same in principle, though. A typical card

shown below has four sets of holes.

135

G

NAME OF CHEMICAL
FORMULA
DENSITY. .
MELTING POINT.
COLOR
SOLUBILITY
OTHER INFORMATION

Figure D.8
The holes in the row across the top are simply

numbered consecutively one to thirty-three.
Along the left side of the card the holes are
designated Ly to Lyp. Along the right side
they are designated Ry to Ry2 and the bottom
holes are By to B33. The first task in using
the card is to decide ¢~ a code so that each
of the four rows of holes ccrresponds to a
different physical che.acteristic. Then ¢h:
holes themselves in each row are coded to
correspond to some value for the phy.ical

characteristic designated hy the row

SEERTEELEEET

(OJR0)




136 For example, let's code the row of ro‘es

on the left (Ly to Ly2) solubility.

0,0,Q ¢
IS Al
Insoluble (less than 0.1 gr./100ml.)— | O—
Less than 1gr./I00 ml. (slightly soluble)—>| O
/-4.9 > Owm
5-9.9 >| Ong
10-19.9 >| O
20-39.9 >| Owe
gr/100ml.{ 40-59.9 ‘ > O
60-79.9 >| On®
80-99.9 —| o9
| 100-149.9 >| Ongl
150-199.9 >| Ows
More than 200 gr./100ml————| Ong |
Of 4l g5
o EEELL
Figure D.9

If the particular chemicol is soluble to the
extent of 35 gr per 100 ml of water at 25
wegrees centigrade we would -.ore this data
in Lg (20-39.9 gr/100 m1). To store the data
wé’cut a slot between che hole in the card
and the edge of the card as shown on the

following page.
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ANO BEFORE

—
-
-
o =

AhO|  AFTER

Figure D.10
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How can a punch card answer yes or no to
a question -about the solubility of the
corresponding chemical? We ask the question,
"Is the chemical insoluble?" We do this by in-

serting a needle into the Ly hole. The card

‘is stuck on the needle and this means "no."

Next we might ask, "Is the chemical slightly
soluble, 1 gr/100 ml or less?" by inserting
the needle in Lp. Again the card is stuck on

the needle and the answer is "no." Eventually
we would get to Lg and ask, "Is the chemical
soluble in the range 20-39.9 gr/100 m1?" The
card would fall off the needle because of the
slot we cut. This is a "yes" answer to our
question. If we had a hundred cards, each
corresponding to a different chemical, the
method described above would allow us to
simultaneously ask the same question about
one hundred different compounds. Several cards
might fall off the needle, indicating that
more than one chemical has the solubility
corresponding to Lg.

We could think up several different'sys»
tems that would work. It will be easier if

we all use the same system.
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21999 90N

R0 €——29.00-9.99
300 [ «——8.00- 8,99
©20 | «—7.00-7.99
RO | «<——6.00-6.99
NAO | «——5,00- 5.99 >gr./ml.
o0 | «——4.00-4.99

a0 | «——300- 3.99
KO |«<——200-2.99
waO e—/.oo-/.ggj

= <——Density not known

EEEHD ¢

Figure D.1N

. The next physical property to tabulate will
be density. Let's use the R holes as shown.

We could use some of the top holes for
melting point data, but we actually do not need
many holes for this purpose. The use of the
bunsen flame temperature as a dividing line
is a convenience just as the boiling point of
water {100° C.) has become an arbitrary
dividing line. The temperature of the bunsen

flame is approximately 1100° C.

o <——Above 10.00 gr./ml.

RO | <——Less than 1.00 gr./ml.
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140 MELTS IN BUNSEN FLAME| MELTS BETWEEN
BUT NOT IN WATER BATH 50° AND _100°C

DOES NOT MELT| [ MELTS BETWEEN]
IN BUNSEN FLAME| | [RCOM TEMR & 49° C
MELTING POINT MELTS BELOW
: NOT KNOWN ROOM TEMP
COLORED
/ Vv
2012 22%9°
0 O
~O
RO
b
=0
o
4 8[°Fe 0
SEESEEEE glg FENTEEHLs o

Figure D.12

We have lots of holes left to use for
various purposes. If a chemical is not white
or colorless we could indicate on the memory
that it is colored and write the color on the
card. This might be very useful. Let's use
a20le number 9 to answer yes or no to the
. .estion, "Is the chemical colored?" We can
writs many tidbits of information about the

chemical on its card. These tidbits might be
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useful if we searched a deck of cards for a 147
chemical with a particular set of properties
and found two or more cards answerea "yes"

to all our questions.

[—y
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SOLUBILITY AT 25°C
IN GR./I00 ML,

insoluble
less than 0.1

less than |—
10 -4.9->
50-9.9—>
10.0-19.9—
20.0 - 39.9—
40.0 - 59.9->
60.0-79.9—
80.0-99.9—
100,0-149. §—
150.0-199.9—
more than 200>

CODE  SUMMARY
TEMPLATE

Think about using the extra holes to code

MELTS IN BUNSEN FLAME

BUT NOT IN WATER BATH

i A e S =

~ Thers serween]
J0° D100

more 1nformat10n [DOES NOT MELT L_w . ~M'E~LT'S“ BETWEE N'
dmmbu then the coder of each card could be L S
easily 1dent1f1ed SR B B
NELTG PONTL | MELTS FW,
T [T L o0u v
o || g
U oAb b
MO Q0 (\ r, cor (, 3
mmmm TRV RS TN
S P - '“""-Tz
%% |+ gbove 10
NAME C7 CHEMICAL 50| €990-9.99
3C | 800-8.99
FORMULA i@ £700-7.99
DENSITY "‘*w +-6,00-6.99
MELT'N | : “‘Ol £ 500 '5.99
b POINT a0 | €400-499
C0LOR 30 | €300-399
SOLUBILITY 50| <200-25
| €1,00-1.99
LK density 1ot known
g bal %0 9p g Bg 65 Qg Ha L 1n§“"§ """" k4 u ‘Tm O!
0ol ééé[ig a| %abegaqn eééqcleg%a%ﬁ_ﬂa 3‘5299?1 sze s sfe i . ere "

e

You can lay your card over the sumary card to identify the holes which are to be used.
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D.7.b. - PREPARING A DECK OF CARDS

We are going to prepare a deck of punch
cards containing the information given in a
handbook type of data storage system. Use the
handbook section for this experiment. The Code
Surmary we have developed in the preceding
notes will serve as a template. The teacher
will tell you how many decks the class will
prepare. Each student will prepare some cards
for the decks by cutting the appropriate slots
for a chemical. Be sure to write the name of

the chemical and the other data directly on

the card.
When the deck is done make a sorting

needle from stiff wire and a rubber stopper.
RUBBER STOPPER
> ‘—______——-—-

\
STIFF WIRE

Jam a stiff wire into the rubber stopper. Now
test the deck by inserting the wire into hole

L, and fan the deck along the wire. Make sure
all the cards are arranged with the no‘ch in

the upper right corner. One card, calcium
sulfate, should fall from the deck. Now try
hole number two along the top. Two cards should
fall out, lanthanum nitrate and calcium jodide

hexahydrate.

180
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Equipment and Materials

setssors

punch cards

Handbook

stiff wire (like coat
hangers)

rubber stoppcrs, no. 3

We have found McBee cards
K553?1N sattisfactory and
economical. The cheapest

key sort cards on the market
are too flimsy to be practical
for this use.

The classroom should
have four or five decks of
completed cards. Each class,
however, need not prepare all
five decks. For the experi-
ments utiliaing the decks,
pool the decks from all the
classes taking the course.
You will have to decide in
advance how many decks you
want each class to prepare
and therefore how many
chemicals each student will
prepare a card for. There
are §6 chemicals in the
Handbook. If a class pre-
pares 2 decks, (2 x 56 = 112)
112 ecards will have to be
prepared.

A dissecting needle can
be used for sorting the
ecards if you are willing to
risk the danger tinvolved with
the sharp point.



144

Place the wunknown
chemicals about the room with
the punch hole range of the
dencity given.

The following ts a sug-
gested list o) chemicals
that can be used as unknowns.
You may substitute any com=-
round you want, provided a
puncn card has been prepared
for the chemical.

Chemlogl A
Ll Chromate

penstty D67

Solubility - inscluble

MoP. - 844°C

*lop = bright yellow
Stlver bromide came
cpecs execept cclor
L5 pale yellow

Them .'.(‘JZ R
Parvli chlorobenzene

Demstty D12

“olop - white

M.P. - 539

Solucility - tnsoluble
Naphthalene same
spece excert M.F.
s 80°9C

Chemiral C
Strontiwn chloride

oengtLty >3 <4

Vilop - white

"o, - 87397

e lubility - §5.8/9/100
ml.
Flame tesr erimson
for Sp

rhemiecal
Copper (I) chlo: o
et by >4 LF
M.De = 4399C
Sclubility - .82 4/100
mi.
Color - white

D.7.c. - IDENTIFYING UNKNOWN COMPOUNDS

In this experiment you will be given un-
known chemicals. You are to identify the name
of each chemical by using the punch cards and
the characteristic tests of solubility,
density, color, melting point and flame tests.

The density of each compound will be given
within the range of the punch card. When you
test for solubility determine if the sub-
stance is slightly soluble or very soluble.

If slightly soluble, find the solubility in
100 m! of water. If very soluble, find sol-
ubility in 10 m1 of water.

Write the rname of the unknown compounds

on a separate sheet of paper.
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Chemical E 145

Caletwn chloride
Density > 2<3
Color - white
M.P. - 7239C
Solubtlity 8% gr/100 ml.
Flame test - yellow -
red
Sodium nitrate,
lithium chloride,
ammonium bromide, same
specs except different
flame tests

Chemical F
Lead Oxide
Density D9 10
M.P. - 500°C
Solubility - insoluble
Color - red

Chemical G
Putassium aecetc te
Density 721 L2

M.P. - 2920C
Soluhility - 269 gr/100
mlL.

Color - white

Chemical h
Potassium chloride
Density > 1< 2
M.P. - 7760C
Solubility - 35.6 gr/
Lo0mi.
Color - white

Chemical I
Sodium bicarbonate
Density > 2L 3
M.P. - 2700C
Solubility - 10.2 gr/
" 100ml.
Color - white
Flame test - yellow
FPotassium sulfate same
specs except flame
test
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14¢
Chemical J
Sodium chloride

Density>2< 3

M.P. - 801°C

Solubility - 35.9
gr/100ml.

Color - white

Flame test - yellow
Potassiwn dihydrogen
phosphate same specs
except flame test

There are many posstible
extensions of this experiment.
If time permits you can add
more chemicals. You could
utilize the unused holes
along the bottom to identify
theg student preparing the
card. You could make up
problems, like HDL number
twelve, which are gamelike.
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NAME FORKGLA

Example:

HANDBOOK

DENSITY MELTING POINT
(gr/m) (°C)

Dysprosiun chromate 0y2(Cr04)3.10 o0 not available 150°

2%
SOLBILITY — HOTES
[gr/ 10001 )

1.0029r/100 m Ko Yellow

(Notch hole (fotch hole 4 (notch hale L3) ~  (Notch hole g
) on top) on top and
write yellow
e _ . on card)
Acetamide CoHsNO 1.2 82’ 100+
Aluninum nitrate AT(N03)3.9 Ho0 Mot available 13,5 63.7
Muminum oxide Ao 3.969 2045° insoluble
Amoniun bronide  NHyBr 2,428 not availabie 97
(sublimes)
Cadnium flugride (dF, 6.64 1160° 4.3
Cadmium hydroxide  Cd{OH), 4,79 300° insoluble
Cadmium jodide Cdl 5.67 38° 8.2 green-ye! low
Calcium bromide ary 3.3 180° 193
Calcium carbonate  Caly 2.93 52" inscluble

1() 4\)
ERIC

Ll



8t |

NANE FORMULA DENSITY NELTING POINT  SOLUBILITY NOTES
(gr/m1) (°C) (gr/100m1 Hp0)
Calcium chloride CaC12 2.15 n * 82
Calcium fodide CaIz.GHZO 2.5 §° 151 yellow
hexahydrate
Calcium sulfate Ca804 2.9 1450° 0.2
approx,
Cesium bromide (sBr 4.43 636° 123
Chroniun chloride  [Cr{Hy0)4C1y].2Ho0 83¢ 58.5 violet
hexahydrate 1.76
(itric acid hydrate  CeHgdyid 1.5 10-75° b2+
Cobalt fluoride (oFy 4.4 1200° 1.5 pink
approx. |
Copper (1) chloride Cuplly 4,14 430° 1.52
Copper (IT) «Ifate (uS0, 3.60 650° 21.8 qreen
fron (11) carbonate  Fel03 3.8 not available  insoluble qray
Lanthanum nitrate La(N03)3.6H20 not available 40° 151
Lead chromate PCrly 6.12 844" insoluble yellow
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AN,

Lead oxide

Lead sulfate

Lithium bromide

Lithium chloride

Maleic anhydride

Naphthalene

Neadymium bromate

Paradichlorobenzene

FORMULA

Py

S0,

Libr

LiC

(yhoy

oty
CERED

C6H4C12

Platinun tetrachloride PtC1y

Potassium acetate

Potassium bromide

Potassium chloride

K C2H30y
KBr

KC1

Potassium dihydrogen  KHpPO,

phosphate

184

E

DENSITY
(gr/m)

9.1
6.2
3.46
2.07
1.5
11§
not available
1.45
4.3
1.57
2,75
1.98

X

ELTING POINT
(0°)

500°

ne

047°

614°

56°

80°

67°

h3°

e

292°

13

176°

25%°

SOLUBILITY
(mﬂomlHﬂ)

insoluble
insoluble

151

16
insoluble
146
insoluble
5.7

269

67.7

3.6

3

NOTES

red

red

red

EvL
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hAME

Potassium jodide

Potassiun molybdate

Potassium phosphate

Potassium sulfate

Silver bromide

Silver ¢hloride

Silyer ritrate

Silver trihydrogen
paraperiodate

Sodium bicarbonate

Sodium chloride

Sodium hydrogen
sulfate

Sndium odide

ERIC

FORMULA
KI
Mol
K3P0y
K30y
AgBr

AgCl

A9N03

NaCO3
NaCl

NBHSO4

Nal

DEASITY
(gr ")
(R
2.91
2.5
2.66

b.47

5,56

4.3%

5.68

2.1
2,16

2.44

3.6

MELTING POINT
°C)
686°
919°
1340°

not available

$32°

495°

202°

60°

e
G

not available

6a1°

SOLUBILITY
(gr/100a1 Hy)

148

184.6

193

insoluble

insoluble

245

3.9

28.9

184

oSt

NOTES

pale yellow

white, turns
dark in light

yellow
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IR FORMULA DENSITY MELTING POINT  SOLUBILITY NOTES

(gr/n1) (°C) (gr/100ml HZO)
Sodium nitrate Nah01 2.26 307° 92.1
Strontium bromide Sr8r2 §.22 643° 107
Strontiun chloride SrCl2 3.09 873° 5.8
Thallium aluinun— TIAI(S0g)y. 120 2.3 9° 1.8
sulfate
Thallium iron (I11) TlFe(SO4)2.]2H20 2.3 . 100° 3.2 pink
sulfate
Thallium nitrite TING, not available 182° 3.1 yelTow
Tin (I1) sulfate $nS0y not available not available 33 yellow
Zinc acetate dihydrate In(CoHy02)y. 260 174 100° 4
Linc chloride Inly 2,91 | 283° Lk,

163
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ERIC

Aruitoxt provided by Eic:

Soncirment ood Miteriale
e .

Sverhead projector
Prepar. coior tranc-
paArenciy

Select four students to
sarve as "reporters itn this
cxperiment. ALl four will
step outside the room until
called in. Reporter #1 will
ceamine a pieture supplted
by othe teacher. This re-
porter will pay close
“tention to detail and will
try to remember as much as
et alout the pleture.
neporter #Z will be called
Dlo the room and will be
glven a ful’ deseription of
tne pieture by reporter #1.
Nellher reporter will be
able to see the pilcture from
where he stands; the deserip-
tion will be done completely
from memory. When he is
through, reporter #1 may take
his seat. Reporter #3 is
then called into the room to
get a full descripvion from
reporter #2, The same pro-
ecdure s repeated until
reporter #4 is ready to
prasc on the deseription. He
fuees the whole class and
(deseribes what he remembers
to a’l the students in the
room.

This works best if, as
Caen reporter Ls earrying
b it task, the rest of

at bt pioture prodected on
Fhae e,

Wil the four students
are cut o7 the roorm, instruct
the 2luss to Fep a reeord
CSeong changes i tne de-
deptrtion as they might

E. COMMUNICATION
£E.1 - Experiment: ORAL COMMUNICATION CHAIN
You have been introduced to instruments
which, by extending your senses, can help you
collect information. You have been introduced
to two methods of organizing that gathered
data into useful categories. Suppose you per-
formegzgilaboratory experiment to find an
ansver to a question. How would vou com-
municate the results you obtained to others
interested in the same question? Would you
keep a record of all your observations in
your head until someone asked for your
findings? Some people pride themselves on
their good memories. Do you? You will per-
form a brief experiment with your classmates
to see whether this method of communicating

ideas is a useful technique for the scientist.
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occur. (Omigsions are as
taportant as verbal errors.

To the question as to
why these changes occur,
students may bring in the
ideas that preconceptions in-
fluence the descriptions and
that, when details are hasy
and the story-line gets
rather thin, some people may
embellish the description to
make it worth listening to.
Of course, stress the need
to write dowm all significant
lab observations on paper,
preferably in a bound book
to prevent future loss.

An alternmate experiment
which demonstrates the diffi-
culty of oral communication,
but not the pitfalls of the
chain, would be to use the
entire class. Working as
partners, one looks at the
picture on the overhead and
deseribes it while the other
draws what he heard deseribed.
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Equirment and Materials
1 3 x & envelope per
student
! rommunicating Ideas
kit for each stix-
student team

The kit ts made wp of
one flat-fold cardboard box,
about 4" x 5" x 6", and ten
nonrecognizable objects _
nbtatnable as surplus or un-
usable parts from the
eleotronics classroom in any
sehool, electronics shops,
Local sctence and industry
ruseun, e¢c. The assortment
of objects in a kit should
inelwl.: lock-al tkes, thereby
drauing the student's atten-
tion to significant dif-
ferenccs tn detail and cre-
ating a reason for some dia-
grams or measurements on
the studert's part.

Standard measuring de-
vices cuch as meter sticks
and balances should be avatl-
.2hle upon request.

Five teams of six stu-
dents cach will do. The
teams should not be told
bheferehand that the winning
team s the team that wrote
the deceriptions that made
the most correct tdentifi-
cattons pessible.

It will undoubtedly save

#im: 1f uou read the students'

instructions aloud in class.

Jive them 10 teo 15 min-
utes to examine the objects
and write about them. /An-
ather 5 to 10 minutes may be
voegdod an theu try to
Tdemt” fy them.

E.2 - Exercise: COMMUNICATING IDEAS

The purpose of this exercise is for you
to write a description of one object in a
group of objects in such a way that a reader
can identify the object from your description.

Your team will be given a box containing
ten small objects. Each of you is to examine
all of them, then to choose one object and
examine it more carefully (try not to let any
of the students at the other tables see what
you are handling). Now write down a descrip-
tion of this object using the face of the
envelope handed to you for this purpose.

Return the object to the box.

When each member on your team has
finished, pass all your envelopes and the box
of objects to the team your teacher
designates.

Your table will then receive a pack of
six envelopes with descriptions written on
them, plus a box of objects from another table.
Take one envelope apiece and try to match up
the corresponding object. When you think you
have the right one, place it inside the

envelope, put all six filled envelopes together

and take them back to the table that passed



them to yoh. Suggested table (team)
arrangement:
Your table will get back its envelopes,
also filled. Check them and tally up the A A Pissgs
0

number of correct identifications.

B B passes
to D

c C passes
to E

(4. :‘.

o i . D D passes

= T TR | | to 4]

| R
h & N E E passe
"\ . s ‘ to B

In doing this sort of
= . exercise, the student should
come to realize

(1) the need for a
standard;

(£) the usefulness of
conciseness in word
deserirtion;

(3) the need for making
measurements; and particularly

(4) the full use of his

senses of sight, touch, feel
(temperature), ete.
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E.3 - OBSERVING A SYSTEM AS A SCIENTIST

When you conduct a laboratory experiment
on a living thing, you have the advantage of
being able to vary one condition in the environ-
ment in order to see how this change will affect
the behavfor of the organism. When you try to
observe this organism in the field (its natural
habitat), you may be able to learn more about
its normal behavior. Here, however, you cannot
requlate the conditions for your observations.
For example, you may risk 1osing your specimen;
while it is being observed, it may wander off
into the brush and disappear. It is essential
that any conclusions drawn about "normal" be-
havior must be done on the basi: of repetitive
observation. This normal behavior we refer to
is valuable to the laboratory £xperimenter and
serves as his control as he proceeds to alter
the environment in the lab and observes its
effect, if any.

One further point is worth noting here.
A series of experiments or tests you run in the
lab may give you reproducibility within a narrow
range. You are correct to consider the re-
sults reliable. But here again, as in the case
of your depth perception tests in Chap. [I, the

results may not be valid outside the lab.
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Merely imposing a laboratory environment on a 157
living thing may be enough to modify its

behavior.
Repeat the same physical

arrangement as in Experiment
E.4 - Test: THE SOW BUG I.A. This final task could

be done as a laboratory test

on this unit of Perception

Refer to the list of observations you and Quantification.
darew up in Experiment I.A. Couild you add to In addition to the pos-
sible observations listed in
this list if you were asked to chserve a sow Expariment I.A the students
should be able to find
bug again?
(1) how much the sow
Once again observe the sow bug, which your bug weighs;
teacher will put before you, but this time ob- (2) 1its linear dimen-

stons;
serve it as a scientist might. Test your new
(3) its volume (by dis-
techniques, maintaining an independent written placement of water);

record of every feature and activity of the sow (4) possibly its aver-
age density;
bug which can be observed in one class period.
(5) whether it makes
any sounds;

(6) how far the sow bug
moves in a specific time span
(some graphing) to determine
its average walking speed;

(7?) whether it dis-
plays any particular pattern
of movement when under dif-
ferent colored lights. (For
this purpose you have been
supplied with a box that has
stx windows cut in its cover.
Four are covered with blue,
yellow, green and red trans-
parent material. One window
should be left uncovered; the
other could be used for trials
with different color
combinations.);

(8) whether it reacts
to bright light;
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(0) whothep Tt peacts

Yoo other Tt Dot sowndo,

The cluwdiooite may think

of mmy others. You may find
one pertod 18 not enough time

to mor this test.

). o o~ . .
e Posainle Cruteria

DRIIEA

(1) hmber of colserva-

. ,
T o le.

() Vwnbor of sences
studont use

o L (07 the
et boueh oy temparatrs
olo, .IJ/]

TR D

i) lice of sonse ex-
fonileps (tape rocorder,
magnifying ol s, halanee,
moten shick, etoel).

(1) lise of crrract
wuntts of measurement.

(5) Use of stgnificant
figqures.,

(€) Tests performed
for sow bug's responses (tc
bplght 1ight, colors, scunds,

i thiar sow bug, eted).

¢
(?) Dhata gjathered on
sur sow bugs for corparison.

(8) Care excreised in
hepid' ing of animal.

-

2 0()

ERIC

Aruitoxt provided by Eic:



Exercises for Home, Desk, and Lab (HDL)

(1)

(2)

Metal piece Mass (g)

A classmate is trying to sell you a
ring that he claims {is pure gold.
Outline a procedure that you might use
to determine if it is really pure
Jgold.

A student made mass and volume
readings for six different sized
pieces of metal and got the

following data:

Volume (cm3)

38.48 .0
86 .66 4.5
52.49 5.0
36.78 3.5
57.88 3.0
26.25 2.5

How many significant figures
should be used in plotting

data?

Plot this data on a graph.

From your data, did the student
have more than one metal? If so,
how many?

What was the density of the

metal or metals?

(1)

ra)

#1

H2

a.

GRAMS

]

Weigh the ring in
air.

Put in graducted
cylinder and find
volume displacement
of water.

Find density of gold
in handbook and

compare densities.

Two and to the near-
est 0.5 because
volume was measured
to the nearest 0.5
cm3, so mass should
be plotted to the
nearest 1.0 gram to
get two significant
figures.

r

80
60

40

20
0]
VOLUME
Yes, two.

Density i8 mass per
unit of volume,
whtech from the ararh
would te the 8lope

of the line.
D = gr.

em
87 - 38 =49 = Z0gr.
4.5 - 2 2.§ o
SE - 26 = 20 = 1701
S 2 5 1 3 .

159



160 3

Mark water level in
beaker without objoct.

Mark water level (n (3) How would you measure the volume
bhoaker after adding

object. Take object cut, of an nbject too large to fi* &
fill with water to the

last marking, then mea- your graauate cylinder but ia. e
sure out amount of water

between the two lines enough to fit in an uncalibrated
on beaker into a graduaced

eylinder. This velume of 250 m1. beaker?

wvater would approximate
the volume of the bleck.

(1) Measure out an zxact

volume and weigh on a (4) How would you obtain the density
halanee. Do this with

throe different volumes o of water? Try it.

of water. Plot on graph,

find slopa, whick is the What results do you get?

density (see proviem 2).
Results within experi-
montal error should be

I yr./cmo

(L)a.Tie a heavy object to (5) a. How would you obtain the
the substance. Measure
water displacement of density of a small irregular
sinker. CSubmerge both
substances undcr wvator. substance, i.e., cork, that
Measure water displace-
ment. Difference betueen would float on water?
water displacements is
volume of object. b. Try it with 3 or more different

sized objects.

c. What results did you get?

For mass wetjh on baluance

b. Use different size of
rbjects that fl-at.

e, ALL should have denstity
less than 1 gr/em?

ERIC 202




(6)

(10)

Plot the results of Problems #4 and #5
on a graph. From the graph can you tell
what density materials must have before

they float in water?

A cube of cork measures 1.5 cm on a side
and has a mass of 1.00 gr.

a. What is its density?

b. What would be tha mass of 4.0cm3 of

cork?

When you .ook at the top of water in a
graduated cylinder it is not flat but
curved. How do you decide how much

water is in the cylinder?

A piece of sulfur has a volume of 80cm3
and & mass of 160 gr.

a. Calculate its density?

b. Will it float in water?

c. Will it float in mercury?

A block of magnesium whose volumé is
10 cm3 has a mass of 17 gr. What is

the density of magnesium?

203

{(6)

(7)

(8)

(10)

Use results to plot mass
vs. volume. Slope of
line for objects that
float will be less than
the slope of the line
for wvater.

a. _ mass

" volune
Voure = &3
n = 1.0 gr. = 1.0g

(1.5em)°
D = 0.29gr/cm3

Oy

b. Mass = 0.29r x 4.0cmS

om3

=1.2gr.

Read the volume of the
water by looking hori-
zontclly at the surface
and reading the position
of its lowest point.
This should be developed
in class discussion.

a. D = mass/volume

1609r/8€cm3 =

!
li

291‘/’07.'13

b. Ne. Density of
water is ]gr/cm3

c. Yes. Density of
mercury is more tha:
stx times thot of
sulfur.

D = mass/volume

.demd
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(11)

(12)

(13)

D o= mase /ool
JARE T Y I DN T SRR T
(.8 ge/om”

(1)

Place on oppostite pans
of an equal-arm balance.
The carton contatining
the milk would have the
greater mass.

Remember: Cream floa.s
on milk,

(12)

a.® Place the device n
in several liquids of
known density. Mark
the depth on the teat
tube to whish 1t sinks
in each knom liquid,
Moasure frem the end
of the test tube to
the markg for derth
teat tube ainke,

uraph density (knowm)
ve. depth.

(13)

|.84
14
)

5 -
a 1.0

)
(lGj

st soatiial AlRSied shatiate Anlihil Snatem |
4 8 12
DEPTH
’,'1'/1[111 T A N ST
leaar o Hh e apn

j‘f’Y' b [ SO
hygedpom. 1oy,

Peoore Phe waridoagondr a0
the r/:zfr( J"u]' t N TS
hly,,[y'r e b, Phe

[T

NN S TENY ST VIR TIATS
chond Lo o e g
AT TITI N vl ot !
et oo ke D,

204

A sample of alcohol amounting to
9.50 cm3 has a mass of 0.41 qr.
What is its density?

How could you distinguish between
unlabeled pint cartons of milk and

of cream without breaking the seals?

Weight the end of a test tube with
lead shot so that the tube 1s one-
half to two-thirds submerqged in
water. How corld you use this de-
vice (called a hydrometer) to
measure the densities of unknown
Tiquids?

a. Plot a graph of known densities
of Tiquids with your hydrometer,
Plot density vs depth.

bh. Find the density of an unknown
lquid, using the data you ob-

tained in part a.



(14) A student obtained the following

Time
Min

1/2

DN WA —

data while heating two different
amounts of the same substances

over an open flame,

Amount A Amount B
Temp °C Temp °C
—25°C —5°C
50°C 32°C
70°C 48°C
82°C 70°C
82°C 78°C
90°C 82°C
100°C 82°C

82°C

Plot the data on a graph
Temp. °C vs. Time.

Which amount contained the
least volume of substance?
Plot a graph of temperature
vs. time for the case in
which you have equal amounts
of the same substance but you
are heating one with an open
flame and the nther with an

ashestos pad over the flame.

200
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(14) a.

1001

®
(@)

"

TEMPR IN °C
o0
o

§ -
o

TIME IN MIN.

b Amount A eomtainn
lega volire thun
Amount B, smcunt
Ad. reacneg the
boiling point
faster than Amount
B.

@. fGraph ghould have
the same jrmeral
shape as in part
a. becausc the
shape i Jdependent
upon the rate of
heating a oubotw.o,



164 (15) The following graph represents

the heating curve of acetamide.

18} a 1
2, B éJ
= ‘/,(/
a , -
= ! o
< ///T P
~ 1 | | |
] ] I
I i | 1
A B C
TIME IN MIN.
During which time interval is
there:
a. only solid?
b. only liquid?
c. both solid and liquid?
(16) A student was determining the
L) e 00ge \
15000 e solubility of different sub-
v 10=1yr/ e stances in water at room
ndgr temperature. He obtained the
R

. , following data.
o 10T e eme
a. MWashing soda
200 gr. in 1000cm3 of
water

b. Baking soda
24gr in 350cm3 of . ‘er

Express the solubility of each
substance in gr/cm3.
L (17) The solubility of chalk is
AT 10'5qr/cm3 of water. How much
water is necessary to dissolve

hgr. of chalk?

200




(18)

A student collected the following
data when dissolving an unknown
substance in water.

Solubility

Temperature °C mass/100cm

(19)

(20)

25°C S5gr.

50°C 10gr.

75°C 15gr.

a. Plot the data obtained on a
graph, solubility gr'/cm3 Vs,
temperature °C.

b. What would you expect its
solubility to be at 40°C”

c. What would you expect its

solupilitv to be at 90° C?

It is found that 1.4 x 10'zgr.
of a substance will dissolve
in 15cm3 of methanol at 20°C.
How much of this substance will
dissolve in 30cm3 of methanol

at the same temperature?

How do you explain the fact

that if you spill a few drops

of soup or milk on a pale-blue
gas flame when cooking, the flame
changes to a mixture of colors

with yellow most common?

(18)

(19)

(20)

a.

N
o
N
A Y

SOL. G/CM
—2

(=)

50 100
TEMP °C

E. This is a protlem
in tnterpolation;
at 40°C the mass
per 100emS would
be 8gr.

e. This is a problem
in extrapolation;
at 90°C the mass
per 100em® would
be 18gr.

At a given temperature
the quantity of the
substance will dissolve
is directly proportion-
al to the amount of
solvent usged.

ggr.

15 emd

=2.8x 10‘2gr.

Sodium eompounds are
almogt universally
present in foods; the
yellow color of thne
sodium flame is hetng
observed.

165



166

(21) a. Caleium (21) Use the spectral lines you drew
b. Lithtum
in Exp. D.6.a. "Analysis of
Colors,”" and identify the
following elements.
Q
S8
«——Violet— —Blue— —Graen—— ¥ O - Red——>
CALCIUM
LITHIUM
(22) a. Compare amounts that (22) Two substances are only slightly
will dissolve in
100em®. soluble in methanol. Only 3.4
Substance A X 10‘3gr. of .ubs*ance A will
100emd = 8.4 x 10-3gr. -
44cmd dissolve in 94cr.' of methanol,
= 3.6 x 10-3gr.
1000m™ and only 17 x 10-3gr of sub-
Substance K ‘ stance B will dissolve in 500cm3,
1000m3 x 17 & 10=35p.
500emd of methanol.
= 200w 10-9gp,
1000m a. Which substance is more
ooy srdig teoner 1t soluble in methanol?
appoears to beoolicht-
Ly lese soluble than b. How much of substance A could
substance A.
you dissolve in 4.5 x 106cm3
Lo 4.8 ¢ 10%em »
, of methanol?
3.6 & 10 dgp.=160 0.
T00m (23) Use the punch cards and the
(") LIthiun hromice. following data to identify a
Follow the Jdircetion:
given tn sludent guidde. specific compound.
Density Solubility = M.P. Color
3.46gr/ml 150+ /m1 547°C None

208
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In the flame test a purple

color is given. What compound

is it?
(24) A student has a white unknown (24) Give the student about
10gr of potassium di-
substance. He found that the hydrogen phosphate.
density was Zgr/cm3. a. Use punch card to
) separate cards by
a. Give the procedure you color and density.
) L b.1 Students deter-
would use in identifying mine solubility
according to methods
the compound. previously learned.
Solubility is
b. Do the procedure and 40gr/100ml.
) b.2 Use flame test to
identify the compound. get characteristic
-purple of »rtas-
o siwm,
(25) You are a lab technician for a b.3 Potassium dihydro-

. gen phosphate.
chemical company. You receive

an order for three different (25) Chemical A: Ammonium
bromide

chemicals with the following Chemical B: Cobalt
fluc ride

specifications: Chemical C: Lead

chromate
Chemical A: Density 2-3gr/ml

Color - white
M.P. - approx. 450°C

Solubility - 90-
100gr/cm3

Chemical B: Density 4-5gr/ml
Color - pink

M.P. - greater than
1000°C

Solubility - 1-2gr/
cm3
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Chemical C: Density - 6-7gr/ml

Color - yellow
".P. - 800-900°C
Insoluble
Using the punch cards, name a
compound that would meet the

specifications in each case.

210
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Appendix A: Suggestions for Laboratory Procedures

A laboratory is a place where scientists look at phenomena under controlled
conditions. It is a place for serious work. Always prepare for an experiment by
reading the directions in the manual before you come to the lab. Make a special
effort to know all precautions.

Do only the experiments approved by your teacher. If you wish to do an
extension (this is encouraged), check with your teacher. This general ruie is for
your safety and that of your fellow students. Laboratory safety is as much an
attitude as a set of rules. The lab wi]i become a safe place for investigation if
the student continually uses common sense about his safety and the safety of others.
If any accident does occur, report to yvur teacher. What seems a minor injury may
have severe consequences.

You will be asked to write laboratory reports. Opinions concerning the
content of these reports vary greatly. It follows that teacher judgment will
determine the type of Taboratory reports you are asked to write. The following
ways to improve laboratory reports are to be taken as suggestions only.

(1) Mistakes should not be erased. If there is room for the correction,
the mistake should be crossed out without ob]iteratiﬁg it and the correction made.
[f ther 1is insufficient room, an extra piece of paper should be added.

(2) Spelling and punctuation are important. Sentence fragments should be
avoided.

(3) The report should be carefully planned. It is best to know what type
of observations should be sensed and, if possible, what reqularities can be found.

Planning will lead to the placement of items in a logical sequence in the report.
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(4) The name of the experiment should be included.

(5) The date on which the experiment was done should be included.

(6) The names of all participants should be included and the name of the
serson who actually prepared the report should be designated.

(7) Some reports should include a simple statement or schematic diagram
of the apparatus used in the investigation.

(8) .Some reports will require a brief explahation of purpose and procedure
If these are given in the 1abor$tory manual, they should not be included in the
report.* Copying items is "busy work."

(9) Nearly all experiments require taking measurements and subsequent
collection of data. This must be carefully tabulated. If it is possible for you
to make data tables before coming to the laboratory, you will have more time for
observation, which 1s a major part of any laboratory experience.

(10) If computations are required to interpret results, they should be
included in the report. However, if several computations of a similar nature are
needed, they should be illustrated with a typical example. Mathematical equations,
not arithmetical operations, should be shown.

(11) If the investigation could be altered to get better results, a
statement to this effect should be included.

(12) If the investigation suggests extensions, these should be described.

(13) Reading professional reports from magazines such as The Journal of

Chemical Education and Scientific American should result in better reports.

(14) Many times the most significant information about the experiment is
to be found by graphing results. Whenever appropriate, graphs should be included
in the report; they give a picture from which regularities can be sought. You
will find the following suggestions very helpful.

(a) Always use a full sheet of uraph paper.

212




(b)

(c)

(d)
(e)
(f)

(1)

Position the ordinate and abscissa far enough from the edge of the
paper to allow proper labeling.

Assuming a relationship exists, the abscissa should represent the
independent variable; the ordinate, the dependent variable. As

an example: The distance of the gas pedal from the floorboard

in an automobile would be the independent variable, plotted on

the x axis; while the speed of the car would be the dependent
variable, plotted on the y axis.

Each axis must show units--e.g., cm, ml, sec.

Labeling of each axis should run parallel to the axis.

The scale of each axis should be chosen such that the functional
plot covers most of the graph paper.

The name of the graph, the name of the experiment, and the date of
the experiment should be suitably placed on the graph.

When plotting data, draw a circle around each point to indicate
the uncertainty associated with the measurements.

Draw the smoothest possible curve suggested by your data.

213
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Appendix B: Supplementary Perception Experiments

[. Negative Afterimage of Motion:

Place the spiral disk on a record turntable and rotate it at 78 rpm. The
observer fixates his gaze at the center of the ca}d for about 30 seconds at which
time: |

1. The turntable is stopped while the subject continues
to look at the disk, or

2. The subject looks at a page of graph paper, or

3. The subject looks at his partner's face.

An inte}esting test to indicate whether the effect takes place at the
retina of the eye or in the central nervous system can be conducted by having the
subject look at the rotating disk with one eye and test for an afterimage with the
other eye.

(The effect is central.)
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IT. Autokinetic Effect:

A luminescent night light is masked so that a 3 mm. aperture remains open.

FRONT VIEW
D
ELECTRICAL PLUG” U TOP VIEW

This small spot of light is observed from several feet away in a com-
pletely dark room. After a period of time the spot will appear to move.

The effect is due to the movement of the eye, which, in this situation of
no visual context around the spot, is interpreted on the basis of past learning
as movement of the object in the periphery.

A motor may be placed beside the night light so that its hum can be
suggestive of an electrically powered device.

In formal experiments it has been shown that prestige figures have more
effect than peers in influencing the members of a croup to report movement of a
given amount. Due to this qgroup interaction effect, it is best to allow the

viewers to communicate with each other as they are watching.
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ITI. Pidwell Effect:

A good demnnstration of negative color after:. ..es can be provided with

the following apparatus:

slot Christmas tree lamp (blue, yellow, red, green)

ol

&

BLACK 5-6" cardboard disk with slot
‘/

WHITE /

rotation of about 3 rev./sec. Speed should be variable.

The disk can be turned by a sewing machine motor controlled by a rheostat.

- An old mixmaster ($1.25) has been successfully used to rotate the disk.

LAMP

SIDE VIEW
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